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>' FIELD OF THE INVENTION 

The present invention relates to grapevine 
leaf roll virus proteins, DNA molecules encoding these 
proteins, and their uses. 

BACKGROUND OF THE INVENTION 

The world's most widely grown fruit crop, the 
grape (Vitas sp.), is • cultivated on all continents except 
Antarctica. However, major grape production centers are 
in European countries (including Italy, Spain, and 
France) , which constitute about 70% of the world grape 
production (Mullins et al . , Bi ol oqy of the Grapevine , 
Cambridge, U.K. : University Press (1992) ) . The United 
States, with 300,000 hectares of grapevines, is the 
eighth' largest grape grower in the world. Although 
grapes have many uses, a major portion of grape 
production (-80%) is used for wine production. Unlike 
cereal crops, most of the world's vineyards are planted 
with traditional grapevine cultivars, which have been 
perpetuated for centuries by vegetative propagation. 
Several important grapevine virus and virus-like 
diseases, such as grapevine leaf roll, corky bark, and 
Rupestris stem pitting, are transmitted and spread 



through the use of infected vegetatively propagated 
materials. Thus, propagation of certified, virus-free 
materials is one of the most important disease control 
measures. Traditional breeding for disease resistance is 
difficult due to the highly heterozygous nature and 
outcrossing behavior of grapevines, and due to polygenic 
patterns of inheritance. Moreover, introduction of a new 
cultivar may be prohibited by custom or law. Recent 
biotechnology developments have made possible the 
introduction of special traits, such as disease 
resistance, into an established cultivar without altering 
its horticultural characteristics. 

Many plant pathogens, such as fungi, bacteria, 
pnytoplasmas, viruses, and nematodes can infect grapes, 
and the resultant diseases can cause substantial losses 
in production (Pearson et al . . Compendium of Grape 
Diseases, American Phytopathological Society Press 
(1988)). Among these, viral diseases constitute a major 
hindrance to profitable growing of grapevines. About 34 
viruses have been isolated and characterized from 
grapevines. The major virus- diseases are grouped into: 
(1) the grapevine degeneration caused by the fanleaf 
nepovirus, other European nepoviruses, and American 
nepoviruses, (2) the leafroll complex, and (3) the rugose 
wood complex (Martelli, ed., pr.fr Transmissible Diseases 
of Grii peylne s Handboojc for Detection and Diagnosis , FAO, 

UN, Rome, Italy (1993))- 

Of the major virus diseases, the grapevine 
leafroll complex is the- most widely distributed 
throughout the world. According to Goheen (Goheen, 
-Grape Leafroll," in Frazier et al . , eds . , Vims Diseases 
oJ _§majJ Fruits and Grapevines (ft Handbook), .University 
of California, Division of Agricultural Sciences, 
Berkeley, Calif, USA, pp. 209-212 (1970) ("Goheen 
(1970)"), grapevine leaf roll-like disease was descnbea 



as early as the 1850s in German and French literature. 
However, the virus nature of the disease was first 
demonstrated by Scheu (Scheu, "Die Rollkrankheit des 
Rebstockes (Leaf roll of grapevine) , ■ D. D. Weinbau 
14:222-358 (1935) ("Scheu (1935)")). m 1946, Harmon and 
Snyder (Harmon et al . , "Investigations on the Occurrence, 
Transmission, Spread and Effect of 'White' Fruit Colour 
in the Emperor Grape," Pror Am. Soc ■ Hort . Sci . 74:190- 
194 (1946)) determined the virus nature of White Emperor 
disease in California. It was later proven by Goheen et 
al. (Goheen et al . , "Leaf roll (White Emperor Disease) of 
Grapes in California, Phytopathology, 48:51-54 (1958) 
("Goheen (1958)")) that both leafroll and "White Emperor- 
diseases were the same, and only the name "leafroll" was 
retained. 

Leafroll is a serious virus disease of grapes 
and occurs wherever grapes are grown. This wide 
distribution of the disease has come about through the 
propagation of diseased vines. It affects almost all 
cultivated and rootstock varieties of Vitis. Although 
the disease is not lethal, it causes yield losses and 
reduction of sugar content. Scheu estimated in 1936 that 
8 0 per cent of all grapevines planted in Germany were 
infected (Scheu, Mejn »<"»«buch. Berlin : Re ichsnahr stand - 
Verlags (-19367) - In many California wine grape 
vineyards, the incidence of leafroll (based on a survey 
of field symptoms conducted in 1959) agrees with Scheu' s 
initial observation in German vineyards (Goheen et al . , 
-Studies of Grape Leafroll in California," Amer. J. Enol . 
Vitic_, 10:78-84 (1959)). The current situation on 
leafroll disease does not seem to be any better (Goheen, 
-Diseases Caused by Viruses and Viruslike Agents," The 
^ c nr a n pbv^r^t-hoioaical Society, St. Paul, 
Minnesota:APS Press, 1:47-54 (1988) ("Goheen (1988)"). 
Goheen also estimated that the disease causes an annual 
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* ab out 5-20 per cent of the total grape production 
loss of about 5 20 pe The am0 unt of sugar 

(Goh een J"'"^^^ ^ vines is only about i /a 

- ll958>> ' symptoms of leafroll disease vary considerably 
depending upon the cultivar. environment, and trme of .the 
- ~d or of 

rrmttreTeare r/rmrUvaient in — , hut 
basal, mature iea liaht- colored fruit 

«^~incr or early summer. On ngnt 
^cies ZZr, symptoms are less conspicuous, usually 
Xtn do—d rolling accorn panied by rn _ 
chlorosis. Moreover, many xnfecte ^ 
do not develop symptoms. indexing assay 

usrng Vrtrs « ^ demonstrated that lemfroll .a, 

•.=ible a virus etiology has been suspected 
graft " anS "" Slb ^ al virus part icle types have been 
(Soheu (1935)). several vl ™ P The se include 

related from leafroll ^"^^^ and 
potyvirus-liHe jra^ne e-1 - iatea ^ 

X^af roll DlE ^ e ; ik 7^ as ^ n Tet al . . "Virus-like 
.>sometrro vrrus-lxke (C Modif icatl ons in the Phloem 

Particles an ... viti*. 22:23-39 (1983) 
of Leafroll-affectea m*h> Sma ii 
„ MQ83)-') and Namba et.al., A Small 
("Castellano (1983) ) an A i in ashika Disease of 

virus Associated with the Ajinaw 

Spherical Virus Soc. — Japan, 45:70-73 

Koshu Grapevine, (Namba, "Grapevine 

MQ79n and closterovirus-like iwamc , ^ 

I U Virus a Possible Member of enteroviruses .. 
Leafroll Virus a P :497 _ 5 02 (1979) ) 

^f-^f^^ long flexuous 

S^Jl^i — - oo to 2 ' 200 ™ have been 
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most consistently associated with leafroll disease 
(Figure 1) (Castellano (1983), Faoro et al . , 
"Association of a Possible Closterovirus with Grapevine 
Leafroll in Northern Italy," Riv. Patol . Veg.. Ser IV , 
17:183-189 (1981), Gugerli et al . , "L' enroulement de la 
vigne: mise en evidence de particules virales et 
developpement d'une methode immuno-enzymatique pour le 
diagnostic rapide (Grapevine Leafroll: Presence of Virus 
Particles and Development Of an Immune- enzyme method for 
Diagnosis and Detection) , " Rev. Suisse Viticult. 
^EfeSEiSylt, Hort.. 16:299-304 (1984) ("Gugerli (1984.)"), 
Hu et al., "Characterization of Closterovirus-like 
Particles Associated with Grapevine Leafroll Disease," 
p ^n P athol. . 128:1-14 (1990) ("Hu (1990)"), Milne et 
al., "Closterovirus-like Particles of Two Types 
Associated. with Diseased Grapevines," Phytopathol . Z. , 
110:360-368 (1984). Zee et al . , "Cytopathology of 
Leafroll-diseased Grapevines and the Purification and 
Serology of Associated Closteroviruslike Particles," 
^nn^holoov. 77:1427-1434 (1987) ("Zee (1987)"), and 
Zimmermann et al . , "Characterization and Serological 
Detection of Four Closterovirus-like Particles Associated 
with Leafroll Disease on Grapevine," .T . Phytopathol. , 
130:205-218 (1990) ( "Zimmermann (1990) ")) . These 
closteroviruses are referred to as grapevine leafroll 
associated viruses ( " GLRaV " ) . At least six serologically 
distinct types of GLRaV s (GLRaV- 1 to -6) have been 
detected from leafroll diseased vines (Table 1) (Boscia 
et al "Nomenclature of Grapevine Leaf roll-associated 
Putative Closteroviruses, Vitis, 34:171-175 (1995) 
("Boscia (1995)") and (Martelli, "Leafroll," pp. 37-44 in 
Martelli, ed., Graft Transmit hi e Diseases of ^ . 
r.„ rP v^. S . u ^H^W for Perect-.ion and Diagnosis , FAO, 
Rome Italy, (1993) ("Martelli I")). The first five of 
these were confirmed in the 10th Meeting of the 
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international Council for the Study of Virus and Virus 
Diseases of the Grapevine (-ICVO-) (Volos. Greece, 1990). 
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TABLE 1 


Type 


Particle length 
(ran) 


Coat 

protein Mr 
(X10 3 ) 


Reference 


GLRaV-1 
GLRaV-2 


1,400-2,200 
1,400-1, 800 


39 
26 


Gugerli (1984) 

Gugerli (1984) 
Zimmermann (1990) 


GLRaV-3 
GLRaV-4 
GLRaV- 5 
GLRaV- 6 


1,400-2,200 
1,400-2,200 
1,400-2,200 
1,400-2,200 


43 
36 
36 
36 


Zee (1987) 

Hu (1990) 

Z immer mann (1990) 

Gugerli (1993) 



Through the use of monoclonal antibodies, however the 
original GU>aV XI described in Gugerli (1984, has been 
shown to be an apparent mixture of at least two 
components. II. and lib (Gugerli et al . . "Grapevine 
Leaf roll Associated Virus II Analyzed by Monoclonal 
Antibodies." nth Hiring of Mr International BMBU 

f or the "'r-— » *" d '" r " s ot the 

Montreux. Switzerland, pp. .23-24 (1993, 
("Gugerli (1993)",,. Recent investigation with 
comparative serological assays (Boscia (1995)) _ 
demonstrated that the lib component of cv. Chasselas 8/,2 
is the same as the GbRaV-2 isolate from France 
(Zimmermann (1990) ) which also include the rsolates of 
grapevine corky bark associated closterovrruses from 
Italy <GCBaV-BA) (Boscia (1995) , and from the Unxted 
States (GCBaV-NY) (Namba et al.. "Purification and 
Properties of Closterovirus-like Partrcles Associated 
wit„ Grapevine Corky Bark Disease." Phytopathology . 
^.964-970 (1991) ( "Namba (1991, » ) ) . The I la component 
of'cv Chasselas 8/22 was given the provisional name of 
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grapevine leaf roll associated virus 6 (GLRaV-6) . 
Furthermore, the antiserum to the CA-5 isolate of GLRaV-2 
produced by Boscia et al. (Boscia et al . , 
"Characterization of Grape Leafroll Associated 
5 closterovirus (GLRaV) Serotype II and Comparison with 

GLRaV Serotype III," Phytopathology, 80:117 (1990)) was 
shown to contain antibodies to both GLRaV - 2 and GLRaV- 1 , 
with a prevalence of the latter (Boscia (1995)). 

Several shorter closteroviruses (particle 
10 length 800 nm long) have also been isolated from 

grapevines. One of these, called grapevine virus A 
( "GVA" ) has also been found associated, though 
inconsistently, with the leafroll disease (Agran et al . , 
-Occurrence of Grapevine Virus A (GVA) and Other 
15 closteroviruses in Tunisian Grapevines Affected by 

Leafroll Disease," Vitis , 29:43-48 (1990), Conti, et al . , 
"Closterovirus Associated with Leafroll and Stem Pitting 
in Grapevine, " Ph ytopathol ■ Medit err., 24:110-113 (1985), 
and Conti et al . , "A Closterovirus from a Stem-pitting- 
diseased Grapevine," Phytopathology, 70:394-399 (1980)). 
The etiology of GVA is not really known; however, it 
appears to be more consistently associated with rugose 
wood sensu la to (Rosciglione at al . , "Maladies de 
l'enroulement et du bois strie de la vigne: analyse 
microscopique et serologique (Leafroll and Stem Pitting 
of Grapevine: Microscopical and Serological Analysis)," 
gey Suisse Vjtic Arborir. Horti c, 18:207-211 (1986) 
("Rosciglione (1986)"), and Zimmermann (1990)). 
Moreover, another short closterovirus (800 nm long) named 
30 grapevine virus B ( " GVB " ) has been isolated and 

characterized from corky bark-affected vines (Boscia et 
al., "Properties of a Filamentous Virus Isolated from 
Grapevines Affected by Corky Bark, ftrch. Virol. , 130:109- 
120 (1993) and Namba (1991)). 
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As suggested by Martelli I, leaf roll symptoms 
may be induced by more than one virus or they may be 
simply a general plant physiological response to invasion 
by an array of phloem-inhabiting viruses. Evidence 
accumulated in the last 15 years strongly favors the idea 
that grapevine leaf roll is induced by one (or a complex) 
of long closteroviruses (particle length 1,400 to 2,200 

run) 

Grapevine leafroll is transmitted primarily by 
contaminated scions and rootstocks. However, under field 
conditions, several species of mealybugs have been show 
to be the vector of leafroll (Engelbrecht et al , . 
..Transmission of Grapevine Leafroll Disease and 
Associated Closteroviruses by the Vine Mealybug 
Pla nococcus-ficus,» Phyt 2E hvl aS ti^. 22=341-346 (1990) 
Rosciglione. et al., "Transmission of Grapevine Leafroll 
Disease and an Associated enterovirus to Healthy 
Grapevine by the Mealybug Pyococcus fieus." (Abstract), 
^^.(a, 17:63-63 (1989), andTanne, "Evidence 
Toi the Transmission by Mealybugs to Healthy Grapevrnes 
of a Closter-like Particle Associated with Grapevrne 
leafroll Disease,.' a ^o r a r„ sitica , " = "8 (1988,). 
Natural spread of leafroll by insect vectors rs raprd rn 
various parts of the world. In New Zealand observations 
of three vineyards showed that the number of mfected 
vines nearly doubled in a single year (Jordan et al . , 
-spread of Grapevine Leafroll and its Associated Vrrus rn 
New Zealand vineyards," J iM. Meeting of the Tnternatronal 
^ asi] ^_ sSss ^ 1 ^V i n lSS M ^ ^rus Biases of 
r t ,. n^oevine , Montreux, Switzerland, pp. 113-114 
^sl^^e vineyard became 90% infected S years after 
GLRaV-3 was first observed. Prevalence of ^afroll 
Worldwide may increase as chemioal control of mealybugs 
becomes more difficult due to the unavailability of 
effective insecticides. 



In view of the serious risk grapevine leaf roll 
virus poses to vineyards and the absence of an effective 
treatment of it, the need to prevent this affliction 
continues to exist. The present invention is directed to 
overcoming this deficiency in the art. 



SUMMARY OF INVENTION 

The present invention relates to an isolated 
protein or polypeptide corresponding to a protein or 
polypeptide of a grapevine leaf roll virus . The encoding 
RNA and DNA molecules, in either isolated form or 
incorporated in an expression system, a host cell, or a 
transgenic Vitis or citrus scion or rootstock cultivar, 

are also disclosed. 

Another aspect of the present invention relates 
to a method of imparting grapevine leaf roll virus 
resistance to Vitis scion or rootstock cultivars by 
transforming them with a DNA molecule encoding the 
protein or polypeptide corresponding to a protein or 
polypeptide of a grapevine leaf roll virus. These DNA 
molecules can also be used in transformation of citrus 
scion or rootstock cultivar to impart tristeza virus 
resistance to such cultivars. 

The present invention also relates to an 
antibody or binding portion thereof or probe which 
recognizes the protein or polypeptide. 

Grapevine leaf roll virus resistant transgenic 
variants of the current commercial grape cultivars and 
rootstocks allows for more complete control of the virus 
while retaining the varietal characteristics of specific 
cultivars. Furthermore, these variants permit control of 
GLRaV transmitted either by contaminated scions or 
rootstocks or by GLRaV- carrying mealy bugs. With respect 
to the latter mode of transmission, the present invention 
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circumvents increased restriction of pesticide use which 
has made chemical control of mealy bug infestations 
increasingly difficult. In this manner, as well as 
others, the interests of the environment and the 
economics of grape cultivation and wine making are all 
benefited by the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is electron micrographs of GL.RaV-3 
particles of the NY1 isolate after negative staining with 
1% uranyl acetate of a purified virus preparation 
(magnification 80,000X). 

Figure 2 shows the nucleotide and amino acid 
sequences of a PCR amplified fragment of the GLRaV-3 
genome. The external and internal primers used for PCR 
are underlined and their orientations are indicated by 
arrows . 

Figure 3 compares the alignment of the amino 
acid sequence deduced from the PCR fragment of GLRaV-3 
with respective regions of HSP90- homologues of beet 
yellow virus ( " B YV " ) ( P 64) . citrus tristeza virus ( " CTV " ) 
( P 61), and lettuce infectious yellow virus ("LIYV") 
( P 59) . Consensus amino acid residues are shown. 
Uppercase letters indicate identical amino acids, 
lowercase letters indicate at least three identical or 
functionally similar amino acids. 

Figure 4, panel B, is a Northern blot 
hybridization. Probe made from a clone insert gave 
positive reaction to itself (lane 3) as well as dsRNA 
from leafroll infected tissues (lane 1) , but not to 
nucleic acids extracted from healthy grapevines (lane 2) 
Lane M contains a molecular weight marker (the Hind III 
digested fragments of lambda DNA) . Panel A of Figure 4 
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depicts an ethidium bromide stained agarose gel. before 

transfer to a membrane. 

Figure 5 presents an analysis of GLRaV-3 dsRNA 
by electrophoresis on an ethidium bromide stained agarose 
gel- A dsRNA of ca. 16 kb was readily isolated from 
diseased grapevine (lane 6) , but not from the healthy 
control (lane 5) . Other samples that were used for 
control were tobacco mosaic virus dsRNA (lane 1) ; 
cucumber mosaic virus dsRNA (lane 2) ; pBluescript vector 
(lane 3) and an insert of clone pC4 . X Hind III digested 
fragment of lambda DNA was used as the molecular weight 

marker (lane M) . 

Figure 6 is a secondary immunoscreening of 
plagues derived from three mother plaques that reacted to 
GLRaV-3 specific polyclonal antibody. Two filters each 
represent plaques from clones P CP5 (left) . pCP8-4 
(middle) , and pCP10-l (right) . 

Figure 7 is a PCR analysis of immuno-positive 
clones with flanking vector primer (KS and SK) . A similar 
size (1 0-1.1 kb) PCR product was produced in all three 

mother clones. 

Figure 8 is a western blot of antibodies to 
GLRaV-3 that reacted to proteins produced by cDNA clones 
after IPTG induction in B. coli. Similar banding 
patterns were observed whether a polyclonal (panel A) or 
a monoclonal antibody (panel B) was used. Lane 1 shows 
clone pCPlO-l; lane 2, pCP5; lane 3, pCP8-4; and lane 4, 
the native coat protein, from GLRaV-3 infected tissue. 
Lane M is a prestained protein molecular weight marker. 

Figure 9 shows the cDNA clones containing the 
coding region for the coat protein of the NY1 isolate of 
GLRAV-3. Three clones (pCP8-4, P CP5, pCPlO-l) were 
identified by immunoscreening of a cDNA library prepared 
in lambda ZAP II. Two other clones were aligned after 
35 plaque hybridization and nucleotide sequencing. An ORF 
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encoding the coat protein is shown by an arrow in an open 
rectangle. ^ ^ ^ nuc l e otide and amino acid 

sequences of the coat protein gene of grapevine leafroll 
Iterated closterovirus-3 . isolate NY1. 
fencing was conducted by the procedure described in 
^Ple 1 The translated amino acid sequence is shown 
below the nucleotide sequence. 

Figure 11 compares the alignment of the coat 
pro tein of GbRaV-3 with respect to BYV. CTV. and WW. 
consensus amino acid residues are shown. Uppercase 
Otters indicate identical amino acids, and lowercase 
Tetters indicate at least three identical or functionally 
similar amino acids. The three conserved ^amino acid 
residues (S. R. and D, identified in all filamentous 
P Xant virus coat proteins are in bold (Delia et al . . 
^Phylogeny of Capsid Proteins of Rod-shaped and 
Filamentous RNA Plant viruses: Two Families with Distinct 
Patterns of Sequence and Probably Structure 
conservation." viralagv. 184=79-86 (1991))- 

Figure 12 is a phylogenetic tree generated by 
the Clustal Method of MegAlign program in DNASTAR f or the 
«at protein of GbRaV-3 with respect to that of other 
filamentous plant viruses. The coat protein of GbPaV-3 
'as Incorporated into a previously described alignment 
m ». et al "Molecular Biology and Evolution of 
(Dolia et al.. wo Build-up of Large RNA 

Closteroviruses = Sophisticated Bulla up a 
Genomes." tomaaJ Review^ f-PhvtgBaao^ogv. 32:261-285 
°" 9 I) "DoI^rTi^T)")) for comparison. The other virus 
sequences were obtained from current databases: apple 
chlorotic leaf spot virus ("ACX.SV", ; apple stem grooving 
virul r Lcv»). apple stem pitting virus ("ASPV", , barley 
yellow mosaic virus <»Ba«v"> ; beet yellows 
^ BYV »); diverged copies of BYV and CTV coat proteins 
. »bvv P24» and "CTV p27". respectively, , citrus tnsteza 
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virus ("CTV"); grapevine virus A ( " GVA" ) ; grapevine virus 
B ( " GVB " ) ; lily symptomless virus ("LSV"); lily virus X 
O'LVX"); narcissus mosaic virus ( "NMV" ) ; pepper mottle 
virus ("PeMV"); papaya mosaic virus (»PMV»); potato virus 
5 T C'PVT"); potato virus S ("PVS"); potato virus M 

("PVM"); potato virus X C'PVX"); tobacco etch virus 
( "TEV" ) ; tobacco vein mottle virus ("TVMV"); and white 
clover mosaic virus ("WcMV") . 

Figure 13 depicts an analysis of reverse 
10 transcription polymerase chain reaction C'RT-PCR") to 

detect GLRaV-3 in a partially purified virus preparation. 
The original sample concentration is equivalent to 50 
mg/fil of phloem tissue (lane 1) which was diluted by 10- 
fold series as 1CT 1 (lane 2), 1CT 2 (lane 3), 10" 3 (lane 4), 
15 10- 4 (lane 5), and lO' 5 (lane 6), respectively. The 

expected size of 219 bp PCR product was clearly observed 
up to lane 4 which is equivalent to a detection limit of 
10 tig of phloem tissue. Lane 7 was a healthy control. 
Lane 8 was dsRNA for positive control. Lanes 9-11 were 
20 also used for positive controls of purified viral RNA 

(lane 9) , dsRNA" (lane 10) , and plasmid DNA (pC4) (lane 
11) as templates, respectively. Lane M contains a 
molecular weight marker of Hae III digested fX 174 DNA. 

Figure 14 shows the- enzymatic inhibition in RT- 
25 PCR with proteinase K treated samples . By increasing 

amount of proteinase K treated sample in each 100 M l PCR 

reaction from 0 . 1 /xl d ane to 1 * il (lane 2) and t0 10 
M l .(lane 3), an expected PCR product of 219 bp was 
readily observed in lane 1 (0.1 /il) and lane 2 (1 /xl) , 

30 but not in lane 3 (10 /xl) - The expected size of PCR 

product (219 bp) was also observed in GLRaV-3 dsRNA as 
positive control (lane 4) , but not from proteinase K 
treated healthy grapevine tissue as negative control 
(lane 5) - Lane M was the molecular weight standard of 

35 Hae III digested fX 174 DNA. 
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Figure 15 depicts a comparative analysis of 
Nested PCR with immuno- capture preparations on field 
collected samples. Using a polyclonal antibody to 
GLRaV - 3 for immuno -capture, the expected PCR product of 
648 bp was not consistently observable in the first round 
of PCR amplification with external primers over a range 
of samples (lanes 1-7, panel A). However, the expected 
PGR product of 219 bp amplified by internal primers was 
consistently observed over all seven samples (lanes 1-7, 
panel B) . A similar inconsistency is also shown in a 
sample prepared by proteinase K-treated crude extract 
(compare panels A to B on lane 8) . With dsRNA as 
template, the expected PCR products were readily 
observable in both reactions (compare panels A to B on 
lane 10) . No such products were observed on a healthy 
sample (lane 9) . Lane N was a molecular weight marker of 

Hae III digested fX 174 DNA. 

Figure 16 depicts comparative studies on the 
sensitivity of Nested PCR with samples prepared by 
proteinase K-treated crude extract (panel A, PK Nested 
PGR) and by immuno- capture preparation (panel B, IC 
Nested PCR) . Nested PCR was performed on samples with 
serial 10-fold dilutions of up to 10- in a proteinase K- 
treated (panel A) and 10" 8 in an immuno -capture 
preparation (panel B) . The expected. PCR product of 219 
bp was observable up to 10- in PK Nested PCR and over 10" 
(the highest dilution used in this test) in IC Nested 
PGR. A similar PCR product was al.so observed with dsRNA 
template but not from healthy grape tissues (H. CK) . 
Lane M was a molecular weight marker of Hae III digested 
fX 174 DNA. 

Figure 17 shows the partial genome organization 
of GLRaV - 3 and the cDNA clones used to determine the 
nucleotide sequences. Numbered lines represent 
nucleotide coordinates in kilobases (kb) . 
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Figures 18 A to W show the nucleotide. ..sequence 
and partial genome organization of GLRaV-3 . 

Figure 19 depicts the proposed genome 
organization of the GLRaV-3 in comparison with three 
other closterovirus genomes, BYV, CTV, and LIYV (Dolja 
(1994)) . Homologous proteins are shown by identical 
patterns. Papain- like proteinase ("P-PRO"); 
methyltransf erase of type 1 ( "MTRl* ) ; RNA helicase of 
superfamily 1 ( " HELl " ) ; RNA polymerase of supergroup 3 
(»PLO3«);'HSP70-related protein ( «HSP70r« ) ; and capsid 
protein forming filamentous virus particle («CPf ") . 

Figure 20 compares the amino acid sequence 
alignment of the helicase of GLRaV-3 with respect to BYV, 
CTV, and LIYV. Consensus amino acid residues are shown. 
Uppercase letters indicate identical amino acids, 
lowercase letters indicate at least three identical or 
functionally similar amino acids. Six conserved motifs 
(I to VI) that are conserved among the Superfamily 1 
helicase (Koonin et al . , "Evolution and Taxonomy of 
Positive-strand RNA Viruses: Implications of Comparative 
Analysis of Amino Acid Sequences," Critical Reviews in 
^^nHF.t-.rv an^Malecula^ Biology. 28:375-430 (1993)) of 
the positive- strand RNA viruses are overlined. 

Figure 21 is a phylogenetic tree showing the 
amino acid sequence relationship of helicase of 
alphaviruses . The helicase domain of GLRaV-3 (291 aa) 
from the present study is used. The other virus 
sequences were obtained from current databases (Swiss- 
Prot and GenBank, release 84,0). Apple chlorotic 
leaf spot virus ("ACLSV"); broad bean mottle virus 
( " BbMV " ) ; brome mosaic virus ( "BMV" ) ; beet yellow 
closterovirus ("BYV"); cowpea chlorotic mottle virus 
(«CcMV">; cucumber mosaic virus ("CMV"); fox mosaic virus 
("FxMV"); lily symptomless virus ("LSV"); lily virus X 
(-LXV-); narcissus mosaic virus (-NMV-); pea early 
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browning virus (»PeBV«); papaya mosaic virus (»PMV); 
poplar ' mosaic virus ("PopMV") ; peanut stunt virus 

P P fc q ^VS")- potato virus M ("PVM"); 

(npSV") ; potato vxrus S ( Pvfa ), P ut - at 

potato virus X (-PVX-) ; strawberry mild yellow edge- 
associated virus ("Sm Yea V") , tomato aspermy virus 
(-TAV-), tobacco mosaic virus ("TMV" ) ; tobacco rattle 
virus ( "TRV" ) ; and white clover mosaic virus ("WcMV") , 

Figure 22 compares the amino acid sequence 
alignment of the RNA dependent RNA polymerase (RdRp) of 
GLRaV- 3 with respect to BYV, CTV, and LIYV. Consensus 
amino acid residues are shown. Uppercase letters 
indicate identical amino acids, and lowercase letters 
indicate at least three identical or functionally sxmxlar 
amino acids. The motifs (I to VIII) that are conserved^ 
among the Supergroup 3 RNA polymerase of posxtxve- strand 
RNA viruses are overlined. 

Figure 23 shows the phylogenetic. tree for the 
RNA dependent RNA polymerases (RdRp) of the alpha-like 
supergroup of positive strand RNA viruses. RdRp of 
GLRaV-3 was incorporated into a- previously descrxbed 
alignment (Dolja (1994)) for comparison. The other vxrus 
sequences were obtained from current databases : Apple 
chlorotic leafspot virus ("ACLSV"); alfalfa mosaic virus 
( "AlMV" ) ; apple stem grooving virus ("ASGV"); brome 
mosaic virus ( " BMV " ) ;. beet necrotic yellow vein virus 
( " BNYW " ) ; beet yellow virus ("BYV"); barley stripe 
mosaic virus ("BSMV">; beet yellow stunt virus (»BYSV»); 

• n«PMV»n - citrus tristeza virus 

cucumber mosaic virus ( CMV ) , cicru 

. . . v vT-rvis ( "HEV" ) ; potato virus M 
("CTV"); hepatitis E virus v n^v # , * 

. • Y f«pvx»)- raspberry bushy dwarf 
("PVM"); potato virus X \ Pvx ), * 

v. n~*- nr-i^nc? x ( n SHVX n ); Sinbis virus 
virus ( " RBDV 11 ) ; shallot virus X \ *nv^ 

. _ • ^-,,0 ( "TMV" ) ; tobacco rattle 
("SNBV"); tobacco mosaic vxrus TMV ) c w ^ 

virus ( " TRV " ) ; and turnip yellow mosaic vxrus ("TYMV") . 

Figure 24 compares the alignment of the GL.RaV-3 
and LIYV nucleotide sequences (presented as DNA) in the 
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vicinity of the proposed frameshift. nt «.0»^" « 
GLRa V-3 and nt -5.649-5.715 in LIW. . Id«*x«-V 
Nucleotides are typed in uppercase letters^ UW+1 
flneshift region (aAAG) and the corresponding GLRaV-3 
fraroesm s ic , lic The encoded C-termrnus of 

(cAC*) are bold presented above < GLR aV-3> 

WEIj and N-terminus of ROKp are ^ 

a!d below (LIYV) the nucleotide alignment. Repeat 
fences are under lined^^ ^ ^ ^ ^ 

v. -mail hydrophobic transmembrane protein of GLRaV-3 
° SI r t h respect to BW ,P6K, . CTV . and L1W (pSK, . 

P 5K witn v res idues are shovm. Lowercase 

rrj:r."::: ^ identical or 

^"ar a^ino acids. The transmembrane domain thathae 
, 5 Len identified in several ^ 

(-L995)), is overlined. 

Fiaures 26 A to B present the ammo acxd 

c -v,~ VK5P70 -related protein of GLRaV- 
20 sequence alignment of the HSP70 rel P ^ ^ 

3 (p59K , with reape ct to^yv ,p* > . ^ ^ ^ 
( p62 K, . The e *t -n - ac . a residues 

HSP70 are over lln ^ e indicate idenCical amino acids, 
25 irowerrrettrrnoicate at leest three identicel 

or funct ^^^^ relationship for 
viral and cellular HSP70 proteins.. HSP7 0 - related prote in 
If GLRaV-3 (P59) was incorporated into a previously 
of GLRaV 3 IP= (1994)) for comparison. The 

,„ described alignment (Dolja 

30 descnb proteins were from 

sequences of BYV, uiv, ~ Uf=i ~ t 

. _ = , ..putative 65-kDa protein of Beet 
y e "ow7cL erovirul is a Homologue of HSP70 Heat Shock 

Proteins," asMX!^^-^^ . 
x „ _ al "Nucleotide Sequence and 

35 (1991), Pappu et al . , 
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Organization of Eight 3' Open Reading Frames of. the 
Citrus Tristeza enterovirus Genome," Virology , 199:35- 
46 (1994) , and Klaassen et al . , "Genome Structure and 
Phylogenetic Analysis of Lettuce Infectious Yellows 
Virus, a whitefly- transmitted, Bipartite Closterovirus," 
Virology., 208:99-110 (1995), respectively. Only H- 
terminal half of beet yellow stunt virus HSP70-related 
protein (Karasev et al . , "Screening of the Closterovirus 
Genome by Degenerate Primer-mediated Polymerase Chain 
Reaction," lourna] of General Virology, 75:1415-1422 
(1994)) is used. Other sequences were obtained from the 
Swiss-Prot database; their accession numbers are as 
follows: DNA1_BACSU, Bacillus svhtilis (P13343) ; 
DNAK ECOLI, Escberichi* coll (P04475) ; HS70_CHICK 
(POeloG); HS70 ONCMY , Oncorhynahus myJciss (P08108) , 
HS70 PLACE, Plasmodium cynomolgi (Q05746) ; HS70_SCHMA, 
Schistosoma mansoni (P08418) ; HS70_XE NL A, Xenopus laevas 
(P02827) ; HS71.DROME, Drosophila melanogaster (P02825) ; 
HS71 HUMAN (P08107) ; HS71_MOUSE (P17879) ; HS71_P1G 
(P3«30>; HS74 PARLI , Paracentrotus li^idus (Q06248) ; 
HS74 TRYBB , ^anoso.a brucei (F11145) , 
m ai Z ; gene for heat shoe*, protein 70 exon 2 (X03697) . 

Figures 28 A to B compare the ammo acid 
sequence alignment of the HSP90-related P«*ei». of 

( P 55K) with respect to BYV ( P 64K) , CTV ( P 61K) , 
GLRav vp- 3 . j and II# which have been 

and LIYV (p59K) . Two domains, x 

identified on CTV (p61» are overlined. Consensus amino 
acid residues are shown. Uppercase letters indicate 
identical amino acids; lowercase letters indicate at 
least three identical or functionally similar amino 

aCldS ' Figures 29 A to B show a nucleotide - sequence 
fragment containing the 43 kDa open reading frame that 
was used to engineer a plant expression cassette, 
p B I525GLRaV-3hs P 90. This sequence fragment (from 
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nucleotides 9.404 to 10.503 of the partial GLRaY;3 genome 
sequence. Figure 18, was later proven to be located in 
th e 3' portion of GLRaV-3 HSP90-related gene. 
Nucleotides in the lower case were designed to facilitate 
engineering by addition of Ncol restriction sites. 

Figure 30 is a diagram summarizing the 
strategies employed in the construction of 
the Plant transformation vector p Bin 1S G LR aV-3hs p9 0-l 2 -3 . 
* plant expression cassette, in the Hind III** I 
fragment containing CaMV 35S-35S promoters-SMV 5 
untranslated se,uence-43K ORF-Hos 3- U f ~ nSl * te * ^° n ' 
„aa excised from pBIS2 5 GhRaV-3hsp 9 0 and cloned into the 
similar restriction enzyme treated plant transformation 
vector pBinl*. The resulting clone. P Binl 9 GbRaV-3hsp 9 0- 
I5 i shown. Location, of important genetic elements 

"ithin the binary plasmid are indicated: BR. «ght 
lorder; BU. left border; Nos-«PT II. plant expressible 
neomycin phosphotransferase gene; Lac-IAC Z plant 
expressible lac Z gene.- and Bacterial Kan. bacterial 
on kanamvcin resistant gene. 

20 kanamy ^ ^ pres ents an analysis of transgenic 

tobacco plants with PCR. Using primers flanking the 43K 
OFF the proper size of PCR product (1.2 kb> was readily 
^served from 14 of the IB kanamycin resistant plants, 
lane ck shows a healthy control of nontransformed 
25 bane a marker of X Hind III and 

tobacco. bane M shows a Mr marKer or 

fxl74 Hae III^ ^ ^ wobacterilim . binary vector 

pG A4S2G/cpGLRaV-3. which was constructed by cloning the 
,„ WndlH fragment of pEPTScpGLRaV-3 into a derivative of 

30 P ^4S2 and Led for transformation via A grobacter 1U m or 

Biolistic approach. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to isolated DNA 
molecules encoding for the proteins or polypeptides of a 
qrapevine leaf roll virus. Applicants have sequenced a 
substantial portion of the grapevine leafroll virus 
genome within which are a'plurality of open reading 
frames, each containing DNA molecules in accordance with 
the present invention. One such DNA molecule constitutes 
an open reading frame which codes for a grapevine 
leafroll virus helicase and comprises the nucleotide 
sequence corresponding to SEQ. ID. No. 1 as follows: 

GTGTCTACTT ACGCGAAGAG TGTGATGAAC GACAATTTCA ATATCCTTGA 
GACCCTGGTA ACTTTGCCCA AGTCCTTTAT AGTCAAAGTA CCTGGTTCGG 
TGCTGGTTAG CATAACCACT TCGGGCATTT CCGACAAACT TGAACTTCGG 
GGCGCGTTCG ACGTTTCTAA AAAGAATTTC TCCAGGAGGT TACGTTCGAG 
TCGTTTGCGC GTATTTTCTA GGGCTATTGT GGAGGATACG ATCAAGGTTA 
TGAAGGGCAT GAAATCAGAG GATGGTAAAC CACTCCCTAT AGCCGAGGAT 
TCCGTGTACG CGTTCATGAC AGGCAATATG TCAAACGTTC ATTGCACTAG 
GGCTGGTTTG CTCGGGGGCT CAAAGGCTTG CGCGGCTTCT TTAGCTGTGA 
AGGGTGCAGC TTCACGCGCT ACTGGAACAA AACTCTTTTC AGGTCTCACA 
TCCTTTCTTT CCGCCGGTGG TCTGTTTTAC GATGAAGGCT TGACGCCCGG 
AGAGAGGCTT GATGCACTAA CGCGCCGTGA ACATGCTGTG AATTCACCTG 
TAGGCCTCTT AGAACCTGGA GCTTCGGTTG CGAAGCGGGT CGTTTCCGGA 
ACGAAAGCTT TTCTGTCAGA ATTGTCATTG GAGGACTTCA CCACTTTCGT 

Itaaaaaat agggtgctta ttggtgtttt tactctttcc atggctctca 

CTGCGGTGGT CTGGAAGTAC AGAAGGAATA T.CGCGCGAAC TGGCGTGGAT 

GTTTTCCACC gtgctcgttc gggtaccgcg gccatcggtt tacaatgtct 
tLtggagga aggtcgttag ctggtgacgc tgctcgtggc gcgttaacag 
tgactcgagg agggctatct tcggcggttg cggtgaccag aaatacagtg 
gctagg cgtc aggtaccatt ggcgttgctt tcgttttcca cgtcttacgc 
agt c agtggt tgcactttgt taggtatttg ggctcatgct ctccctaggc 
atttgatgtt cttctttggc ctagggacgc tcttcggggt gagtgccagt 
accaattctt ggtcgcttgg gggctatacg aacagtctgt tcaccgtacc 
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GGAATTAACT TGGGAAGGGA GGAGTTACAG ATCTTTATTG CCCCAAGCAG 
CTTTAGGTAT TTCTCTCGTT GTGCGCGGGT TGTTAAGTGA AACTGTGCCA 
CAACTAACGT ACGTACCGCC GATTGAAGGT CGGAATGTTT ATGATCAGGC 
ACTAAATTTT TATCGCGACT TTGACTATGA CGATGGTGCA GGCCCATCCG 
GGACGGCTGG TCAAAGCGAT CCTGGAACCA ATACTTCGGA TACTTCTTCG 
GTTTTCTCTG ACGATGGTTT GCCCGCTAGT GGCGGTGGCT TCGACGCGCG 
CGTTGAGGCA GGTCCCAGCC ATGCTGTTGA TGAATCACCA AGGGGTAGTG 
TTGAGTTCGT CTACAGAGAA CGTGTAGATG AACATCCGGC GTGTGGTGAA 
GCTGAAGTTG AAAAGGATCT AATAACACCA CTTGGTACAG CTGTCTTAGA 
GTCGCCCCCC GTAGGTCCTG AAGCTGGGAG CGCGCCCAAC GTCGAGGACG 
GTTGTCCGGA GGTTGAAGCT GAGAAATGTT CGGAGGTCAT CGTTGACGTT 
CCTAGTTCAG AACCGCCGGT ACAAGAAGTC CTTGAATCAA CCAATGGTGT 
CCAAGCTGCA AGAACTGAAG AGGTTGTGCA GGGCGACACA TGTGGAGCTG 
GGGTAGCTAA ATCAGAAGTG AGTCAACGTG TGTTTCCTGC GCAAGTACCC 
GCACATGAAG CTGGTCTTGA GGCATCTAGT GGCGCGGTCG TGGAGCCATT 
GCAAGTTTCT GTGCCAGTAG CCGTAGAGAA AACTGTTTTA TCTGTCGAGA 
AGGCGCGTGA GCTAAAGGCG GTAGATAAGG GCAAGGCGGT CGTGCACGCA 
AAGGAAGTCA AGAATGTACC GGTTAAGACG TTACCACGAG GGGCTCTAAA 
AATTAGTGAG GATACCGTTC GTAAGGAATT GTGCATGTTT AGAACGTGTT 
CCTGCGGCGT GCAGTTGGAC GTGTACAATG AAGCGACCAT CGCCACTAGG 
TTCTCAAATG CGTTTACCTT TGTCGATAGC TTGAAAGGGA GGAGTGCGGT 
TTTCATCAGG GTGGCCTCGT GCCCTAGAGG ATATCTTAAC GGCAATTAAG 
TACCCAAGCG TCTTCGACCA CTGTTTAGTG CAGAAGTACA AGATGGGTGG 
Lgcgtacca TTCCACGCTG ATGACGAGGA GTGCTATCCA TCAGATAACC 
CTATCTTGAC GGTCAATCTC GTGGGGAAGG CAAACTTCTC GACTAAGTGC 
aSaagggtg GTAAGGTCAT GGTCATAAAC GTAGCTTCGG GTGACTATTT 

t^tatgcct tgcggttttc aaaggacgca cttgcattca gtaaactcca 

TCGACGAAGG GCGCATCAGT TTGACGTTCA GGGCAACTCG GCGCGTCTTT 
GGTGTAGGCA GGATGTTGCA GTTAGCCGGC GGCGTGTCGG ATGAGAAGTC 
ACCAGGTGTT CCAAACCAGC AACCACAGAG CCAAGGTGCT ACCAGAACAA 
TCACACCAAA ATCGGGGGGC AAGGCTCTAT CTGAGGGAAG TGGTAGGGAA 
GTCAAGGGGA GGTCGACATA CTCGATATGG TGCGAACAAG ATTACGTTAG 

gaaSgtgag tggctcaggg ctgataatcc agtgatggct cttaaacctg 
gctacacccc aatgacattt gaagtggtta aagccgggac ctctgaagat 
cSgtcgtgg agtacttgaa gtatctggct ataggcattg ggaggacata 
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CAGGGCGTTG CTTATGGCTA GAAATATTGC CGTCACTACC GCCGAAGGTG 
TTCTGAAAGT ACCTAATCAA GTTTATGAAT CACTACCGGG CTTTCACGTT 
TACAAGTCGG GCACAGATCT CATTTTTCAT TCAACACAAG ACGGCTTGCG 
TGTGAGAGAC CTACCGTACG TATTCATAGC TGAGAAAGGT ATTTTTATCA 
AGGGCAAAGA TGTCGACGCG GTAGTAGCTT TGGGCGACAA TCTGTCCGTA 
TGTGATGATA TATTGGTTTT CCATGATGCT ATTAATTTGA TGGGTGCACT 
GAAAGTTGCT CGATGTGGTA TGGTGGGTGA ATCATTTAAG TCGTTCGAAT 
ACAAATGCTA TAATGCTCCC CCAGGTGGCG GTAAGACGAC GATGCTAGTG 
GACGAATTTG TCAAGTCACC CAATAGCACG GCCACCATTA CGGCTAACGT 
GGGAAGTTCT GAGGACATAA ATATGGCGGT GAAGAAGAGA GATCCGAATT 
TGGAAGGTCT CAACAGTGCT ACCACAGTTA ACTCCAGGGT GGTTAACTTT 
ATTGTCAGGG GAATGTATAA AAGGGTTTTG GTGGATGAGG TGTACATGAT 
GCATCAAGGC TTACTACAAC TAGGCGTCTT CGCAACCGGC GCGTCGGAAG 
GCCTCTTTTT TGGAGACATA AATCAGATAC CATTCATAAA CCGGGAGAAG 
GTGTTTAGGA TGGATTGTGC TGTATTTGTT CCAAAGAAGG AAAGCGTTGT 
ATACACTTCT AAATCATACA GGTGTCCGTT AGATGTTTGC TACTTGTTGT 
CCTCAATGAC CGTAAGGGGA ACGGAAAAGT GTTACCCTGA AAAGGTCGTT 
AGCGGTAAGG ACAAACCAGT AGTAAGATCG CTGTCCAAAA GGCCAATTGG 
AACCACTGAT GACGTAGCTG AAATAAACGC TGACGTGTAC TTGTGCATGA 
CCCAGTTGGA GAAGTCGGAT ATGAAGAGGT CGTTGAAGGG AAAAGGAAAA 
GAAACACCAG TGATGACAGT GCATGAAGCA CAGGGAAAAA CATTCAGTGA 
TGTGGTATTG TTTAGGACGA AGAAAGCCGA TGACTCCCTA TTCACTAAAC 
AACCGCATAT ACTTGTTGGT TTGTCGAGAC ACACACGCTC ACTGGTTTAT 
GCCGCTCTGA GCTCAGAGTT GGACGATAAG GTCGGCACAT ATATTAGCGA 
CGCGTCGCCT CAATCAGTAT CCGACGCTTT GCTTCACACG TTCGCCCCGG 
CTGGTTGCTT TCGAGGTATA TGA. 

The helicase has an amino acid sequence corresponding, 
to SEQ. ID. No. 2 as follows: 



VSTYAKSVMN DNFNILETLV TLPKSFIVKV PGSVliVSITT SGISDKLELR 
GAFDVSKKNF SRRLRSSRLR VFSRAIVEDT IKVMKGMKSE DGKPLPIAED 
SVYAFMTGNM SNVHCTRAGL LGGSKACAAS LAVKGAASRA TGTKLFSGLT 



SFLSAGGLFY DEGLTPGERLj DALTRREHAV NSPVGLLEPG ASVAKRWSG 
TKAFLSELSLj EDFTTFVIKN RVLIGVFTLS MALTPWWKY RRNIARTGVD 
VFHRARSGTA AIGLQCLSGG RSLAGDAARG ALTVTRGGLS SAVAVTRNTV 
ARRQVPLALL SFSTSYAVSG CTLLGIWAHA LPRHLMFFFG LGTLFGVSAS 
TNSWSLGGYT NSLFTVPELT WEGRSYRSLL PQAALG I SLV VRGLLSETVP 
QLTYVPPI-EG -RNVYDQALNF YRDFDYDDGA GPSGTAGQSD PGTNTSDTS S 
VFSDDGLPAS GGGFDARVEA GPSHAVDESP RGSVEFVYRE RVDEHPACGE 
AEVEKDLI TP LGTAVLESPP VGPEAGSAPN VEDGCPEVEA EKCSEVIVDV 
PSSEPPVQEV LESTNGVQAA RTEEWQGDT CGAGVAKSEV SQRVFPAQVP 
AHEAGLEASS G A WE PLQVS VPVAVEKTVL SVEKARELKA VDKGKAWHA 
KEVKNVPVKT LPRGALKI SE DTVRKELCMF RTCSGGVQLD VYNEATIATR 
FSNAFTFVDS LKGRSAVFFS KLGEGYTYNG GSHVSSGWPR ALEDILTAIK 
YPSVFDHCLV QKYKMGGGVP FHADDEECYP SDNPILTVNL VGKANFSTKC 
RKGGKVMVIN VASGDYFLMP CGFQRTHLHS VNSIDEGRIS LTFRATRRVF 
GVGRMLQLAG GVSDEKSPGV PNQQPQSQGA TRTITPKSGG KALSEGSGRE 
VKGRSTYSIW CEQDYVRKCE WLRADN P VMA LKPGYTPMTF EWKAGTSED 
AWEYLKYLA I G I GRTYRAL LMARN I AVTT AEGVLKVPNQ VYE SLPGFHV 
YKSGTDLIFH STQDGLRVRD LPYVFIAEKG I F I KGKDVDA WALGDNLSV 
CDDILVFHDA I NLMG ALKVA RCGMVGESFK SFEYKCYNAP PGGGKTTMLV 
DEFVKSPNST ATITANVGSS ED INMAVKKR DPNLEGLNSA TTVNSRWNF 
IVRGMYKRVL VDEVYMMHQG LLQLGVFATG ASEGLFFGDI NQIPFINREK 
VFRMDCAVFV PKKESWYTS KSYRCPLDVC YLLSSMTVRG TEKCYPEKW 
SGKDKPWRS LSKRPIGTTD DVAEINADVY LCMTQLEKSD MKRSLKGKGK 
ETPVMTVHEA QGKTFSDWL FRTKKADDSL FTKQPHILVG LSRHTRSLVY 
AALSSELDDK VGTYISDASP QSVSDALLHT FAPAGCFRGI 

and a molecular weight from about 146 to about 151 kDa, 
preferably about 148.5 kDa. 

Another such DNA molecule constitutes an open 
reading frame which codes for a grapevine leafroll 
virus RNA-dependent RNA polymerase and comprises the 
nucleotide sequence corresponding to SEQ. ID. No. 3 as 
follows : 
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~nr. rACCGACCTT CGAAGGGGAG TTGGTACGGA AGATACCAAC 
ATGAATTTTG O^CGACOTT CGAGGACTTA CTCGACGGTT . 

AAGTCATTTT G™GCGGTGA £££££ ATGATTTCGA AACTTCAGAT 
GTCCGGCTTT CGACTATGAC "CTTTGA° tTTCTCATTT 
CAGTCTTTCC TCATAGAAGA TGTGCGCATT TCTG TCTAGCGTAG 

TGCGT rcAAA Gc"c TTGARGTGTA ACCTCGTCAC GTTTGAAAAT 
GTTTACCAAA L-^jc GTGGGTTGTG ACGACTCTGT 

AGGAATTCCA ACGCCGATCG ««W^C ^ 

GGC GCATGAA CTGAAGGAGA ™TCG ccAGCAACAC GATGTTGTTA 
GTTTAGCAGA GGCACCTAAC GCTTACAAGT CTCTCAAGCG 

TCAGATTGGT TGGACAAAAG °°^CT TATGTTGACG TCTTATACGC 
GGCTTTAGGT TCGGTTGTCT TTCATCCGTC ™° ^ 
TCATGGTGAA AGCAGACGTA ^CAAGT CACGATAGGT GCGTAACTGC 

MOBCB ^ SSS SSSS Tgagcggxta aaatacgtag 

GCTT "I^G ™GGCTc"c TACCACGGGA TGGACACTGC GGAGTTGGCG 
TGGACGAAAG °^TCT GGGGGACATC CGGCAATACT ACACCTATGA 
GCTGCATTGA GGAACAAT u „, rTC CTCTC ATGAAGCAGG 

ACTGGATATC AGTAAGTACG ACAAATCTCA GAGXGCTCTC 

TGGAGGAGTT GATACTCTTG GTGAGAACGA TGACGAAGG A 

ACTTTCTTTT GTGGTGAGTA GCTAAGACGT 

ATTGGTG gII: Tg™- SSSS Tg TT g T ccg T agtacttagg 

GGTTGGGAAA TAGTTTAGTC _ GGTGATGATA GCCTTATATT 

GGATTAGATT ATAG = TGXAGTTA^ 

TAGTCGGCAG ^G"™ ^cc^GCTG CTCCATATTT TTGTTCTAAG 
GTTTTGACGT AAAGATTTTT **_ XTTGTTCCCG ATCCACTTAA 

TTTTTAGTTC TTCAGATATC GACCTTTTAC 

ACTCTTCGTT GSTCGATCTTT CGAAGGGTTT CAATAGAGAG 

ATGAGATTTT TCAATCTTTC ATAAGCATTC 
GAGGTCATCC A-AATTAGC ^ GCACGTTTTA AGTGCAAATT 
GGGATGGACC TACTCGGCTT TGTGTGTCTT TCTCGATGTG 
TTTCGCAGTT CTGTAGGTTA TA^XACCA^ AXAGCG^GAA 

CGCCCTATTC *^<^ CTTTTCGATA AAGAGGGGTT 

AATTTTAAGG TGGAAAGCTT CTCGTTTTGC >-i 



AA. 



The RNA- dependent RNA polymerase has an amino acid 
sequence corresponding to SEQ. ID. No. 4 as follows: 



MNFGPTFEGE LVRKI PTSHF VAVNGFLEDL LDGCPAFDYD FFEDDFETSD 
QSFLIEDVRI SESFSHFASK IEDRFYSFIR SSVGLPKRNT LKCNLVTFEN 
"RNSNADRGCN VGCDDSVAHE LKEIFFEEW NKARLAEVTE SHLSSNTMLL 

SDWIjDKRAPN aykslkralg swfhpsmlt sytlmvkadv kpkldntpls 

KYVTGQN IVY HDRCVTALFS CIFTACVERL KYWDERWLF YHGMDTAELA 
AALRNNLGDI RQYYTYELDI SKYDKSQSAL MKQVEELILL TLGVDREVT.S 
TFFCGEYDSV VRTMTKELVL SVGSQRRSGG ANTWLGNSLV LCTLLSWLR 
GLDYSYIWS GDDSLIFSRQ PLDIDTSVLS DNFGFDVKIF NQAAPYFCSK 
FLVQVEDSLF FVPDPLKLFV KFGASKTSD I DLLHEIFQSF VDLSKGFNRE 
DVIQEIAKLV TRKYKHSGWT YSALCVLHVL SANFSQFCRL YYHNSVNXiDV 
RPIQRTESLS LLALKARILR WKASRFAFSI KRG 

and a molecular weight from about 59 to about 63 kDa, 

preferably about 61 kDa. 

Another such DNA molecule constitutes an open 
reading frame which codes for a grapevine leaf roll 
virus hsp70-related protein or polypeptide and 
comprises the nucleotide sequence corresponding to SEQ. 
ID. No. 5 as follows: 

ATGGAAGTAG GTATAGATTT TGGAACCACT TTCAGCACAA TCTGCTTTTC 
CCCATCTGGG GTCAGCGGTT GTACTCCTGT GGC CGGTAGT GTTTACGTTG 
AAACCCAAAT TTTTATACCT GAAGGTAGCA GTACTTACTT AATTGGTAAA 
GCTGCGGGGA AAGCTTATCG TGACGGTGTA GAGGGAAGGT TGTATGTTAA 
CCGGAAAAGG TGGGCAGGTG TGACGAGGGA TAACGTCGAA CGCTACGTCG 
AGAAATTAAA ACCTACATAC ACCGTGAAGA TAGACAGCGG AGGCGCCTTA 
TTAATTGGAG GTTTAGGTTC CGGACCAGAC ACCTTATTGA GGGTCGTTGA 
CGTAATATGT TTATTCTTGA GAG C CTTG AT ACTGGAGTGC GAAAGGTATA 
CGTCTACGAC GGTTACAGCA GCTGTTGTAA CGGTACCGGC TGACTATAAC 
TCCTTTAAAC GAAGCTTCGT TGTTGAGGCG CTAAAAGGTC TTGGTATACC 
GGTTAGAGGT GTTGTTAACG AACCGACGGC CGCAGCCCTC TATTCCTTAG 
CTAAGTCGCG AGTAGAAGAC CTATTATTAG CGGTTTTTGA TTTTGGGGGA 
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GGGACTTTCG ACGTCTCATT CGTTAAGAAG AAGGGAAATA TACTATGCGT 

Itcttttca gtgggtgata atttcttggg tggtagagat attgatagag 

CTATCGTGGA AGTTATCAAA CAAAAGATCA AAGGAAAGGC GTCTGATGCC 

Sgttaggga tattcgtatc ctcgatgaag gaagacttgt ctaacaat^a 

CGCTATAACG CAACACCTTA TCCCCGTAGA AGGGGGTGTG GAGGTTGTGG 

rt £gactag cgacgaactg gacgcaatcg ttgcaccatt cagcgctagg 

GGTGTGGAAG.TATTCAAAAC TGGTCTTGAC AACTTTTACC CAGACCCGGT 
TATTGCCGTT ATGACTGGGG GGTCAAGTGC TCTAGTTAAG GTCAGGAGTG 
ATGTGGCTAA TTTGCCGCAG ATATCTAAAG TCGTGTTCGA CAGTACCGAT 

tttagatgtt cggtggcttg tggggctaag gtttactgcg atactttggc 
IStaatagc ggactgagac tggtggacac tttaacgaat acgctaacgg 
™tag T GGGTCTTCAG CCGGTGGTAA ttttcccgaa aggtagtcca 

ATACCCTGTT CATATACTCA TAGATACACA GTGGGTGGTG GAGATGTGGT 
ATACGGTATA TTTGAAGGGG AGAATAACAG AGCTTTTCTA AATGAGCCGA 
S^CCGGGG CGTATCGAAA CGTAGGGGAG ACCCAGTAGA GACCGACGTG 

ScaStta atctctccac ggacggaacg gtgtctgtta tcgttaatgg 

Sggaagta AAGAATGAA* ATCTGGTACC CGGGACAACA 

ATTCATTGGT CTATAAATCT GGGAGAGAAG ATTTAGAGGC TAAGGCAATA 

ccagagtact tgaccacact gaatattttg cacgataagg ctttcscgag 

GAGAAACCTG GGTAACAAAG ATAAGGGGTT CTCGGATTTA AGGATAGAAG 
AAAATCCGC'C GTAGATACAG ACACGATTTT GAATGGATAA. 

The hsp70- related protein or polypeptide has an amino 
acid sequence corresponding to SEQ. ID. Ho. 6 as 
follows: 

MEVGIDFGTT FSTICFSPSG VSGCTPVAGS VYVETQIFIP EGSSTYLIGK 
EGRI^PKR WAGVTRDNVE RYVEKLKPTY TVKIDSGGAIj 
L1GGLGSGPD TLLRWDVIC LF1*AI.1 L EC ERYTSTTVTA AWTWMDW 

.KGI^IPVRG WNEPTAAAL YSLAKSRVED 
™FVKK KG N I L CV!FS VGDHFI^GRD 1DRAIVEVXK OKIKGKASDA 
S^MK EDLSNNNAIT QHLIPVEGGV EWDLTSDEL 
AVTSVFKTGLD NFYPDPVIAV MTGGSSALVK VRSDVA^PQ I SKWFDSTD 
TJsZ^Z VYCDTI^GNS GLRLVDTLTN TLTDEWGLQ PW!FPKGSP 
. TpCS™ VGGGDWrGI FEGENNRAFL NEPTFRGVSK RRGDPVETDV 
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„ mT v"ntpvt VPGTT NVLiDSLVYKS GREDLEAKAI 

=r — 

and a molecular weight fro. about 57 to about 61 *Da. 

*"^^J 9 s™™ molecule constitutes an ope, 
reading frame which codes for a grapevine leafroll 
Vitus LpSO-related protein or polypeptide and 
prises the nucleotide seguence correspond^ to SBO. 

ID. No. 7 as follows: 

*™*fcT ATATTTATGT AACGGGGATA TTAAACCCTA ACGAGGCTAG 

AT !™I TTCTCGGTAG TGAATAAGGG ATATATTGGA CCGGGAGGGC 

AGACGAGGTA TTCl^x«« _ mTv ^ nrGTCG TCTG GGAAAACTCT 

GCTCCTTTTC GAATCGTGGT A^ACA 

G =r T S£S SSSSt — c^aacc 

TTTCGGGTRT rrparGTCRT CTAAGGATTT AAGCGCGTTT 

CAATAAACTG TGAGAATTGG GTCAGGTCAT CTAA ^ 
^CAGGACGC TAAT^GG TAAGA^AT G^TCGCGXT 

^"Tg ™~ CAGTGTCGGT TCAGGTAGGG 

TATCGCCATC GGACGCCGCC Till nr-TACGATCG TGCCGTTAAG 

AAGTATGTGG ACGTAACGCA AGTTTACCGA 
A GTT ATGGAA ATAAAGAAAA GAGGAGG.TG 

AGGTGGTATC CGCTTACGTA ACAGTTTCGG CATACGCTAC 

TC n= SSSS SEES A^CCCTGACT GCTCGTGAGC 
CGACTCTATG GCTTTCTTAG TGGTACGGAG . ACGACCAGCA 

AGTGGTTAAA AGACGTGCTA TGATCGCTAC 
AATTTTTCCT ^CGTAAG AGTAGCTT^G ™^ CCCGGGGGTA 
GCTCAAGCTG GTCATAAGAT TGTTTTTCAA CCCCTTTCAC 
TTAAAGACTT AAAAGCGTG, G = -AG = CGA «^ 
GAGCTTTCGT CCTATTTCTC ^TTAAGT CGCCGTCTAA 
AGGGGGAAAG ATATGCCCGG ^GGCGGA c^GTGATGGC CTTAATAATT 
TGGAGGAAAA CTA = A AG = CC CAG^ 

MR ™T ™ TGAGGATAAA GGGAAGAGTC GAGAAGGTTT 
ACGCCCGGAT TTCCTCAATG GAATATCAGA AAAGCGCGGG 

CGTTACGGGG GGTAGAAGAT CGTGCCTTTA 
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&TAAACGCTC AACGTGTATT ATGTAGGTAC TATAGCGATC TCACATGTCT 
^AGGCGA CATTACGGCA TTCGCAGGAA CAATTGGAAC ^CrOAGTT 
ATGTAGACGG GACGTTAGCG TATGACACGG CTGATTGTAT -^CTTCTAAG 
GTGAGAAATA CGATCAACAC CGCAGATCAC GCTAGCATTA TACACTATAT 
5 CAA^C GAAAACCAGG TTACCGGAAC TACTCTACCA CACCAGCTTT 

AA. 

The - hspSO-ralated protein or polypeptide has an amino 
«-d sequence corresponding to SEQ. ID. No, 8 as 
10 follows: 

^KVIYVTGI IiNPNEARDEV FSWNKGYIG PGGRSFSNRG- SKYTVWENS 
^IS^ST SQSTIDAFAY FIjLKGGIjTTT hSNPIHCENW VRSSKDLSAF 
^IKGKIY ASRSVDSNLP KKDRDDIMEA SRRI*SPSDAA FCRAVSVQVG 

™™£e stivpi-rvme XKKRRGSAHV S^PKWSAYV DFYTNWJEU, 

15 SDEVTRARTD TVSAYATDSM AFLVKMliPLT AREQVJI*KDVIj GYLIiVRRRPA 

"fS™w VYDVIATLKL VIRLFFNKDT PGGIKDLKPC VPIESPDPFH 
fIsSY^S YEMTTGKGGK ICPEIAEKI.V RRLMEENYKIj WiWVWO.II 
T^VYYSIYGT NATR1KRRPD Fl^IKGRV EKVSLRGVED RAFRISEKRG 
ILVYYSIYGT ™K1 uvGIRRNNWK TLSYVDGTLA YDTADCITSK 

•20 INAQRVLCRY YSDLTCIjARR HYG1RRIW" 1 - 

- VRNTINTADH ASIIHYIKTO ENQVTGTTIjP HQL 

end a molecular weight iron, about 53 to about 57 HDa. 
r^rpferablY about 55 kDa. 

preferably^^ ^ ^ constitutes „ ope „ 

reading frame which codes for a grapevine leafroll 
virus coat protein or polypeptide. The DNA molecu le 
prists the nucleotide sequence corresponding to SEQ. 
Bo. 9 as follows: 

30 &TGGCATTTG AACTGAAATT AGGGCAGATA TATGAAGTCG TCCCCGAAAA 

tIat^aga g^agagtgg GGGATGCGGC ACAAGGAAAA TTTAGTAAGG 

cgag™ Lagtacgtt aaggacggga cacaggcgga a™acggga 
ScgcStL tgcccgaaaa atacgtattc gccacagcag ctttggctac 
35 X gagccaccta ggcagccacc agcgcaagtg gcggaaccac 
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,, M CCGA TATAGGGGTA GTGCCGGAAT CTGAGACTCT CACACCAAAT 
AGGAAACCGA TATAw „„. r , raaG TTCTTGAAGA CTATGGGCAA 

AAGTTGGTTT TCGAGAAAGA TCCAGACAAG TTCTlo 

»™«-r TTGGACTTGG CGGGAGTTAC CCACAAACCG AAAGTTATTA 
GGGAATAGCT GTAGAGGTGG CAATGAAGAT TAATGCCGCA 

ACGAGCCAGG «^^ATCA «V GCCGATGACG CAGCAACTAA 

TTGATGGAGC TO-™- GG^ 

GGAGTTCAAA GA GT= = AAAC. = - 

"ss sss sss- tacttcacac 
sees caSgcgacc «~ ~« — — : 

GTTATGGCAC AGCATGGAGT ACCACCGAAA ^CTTTCC^ 

sss sss ssss «««« 

SScmC ACAACGTCTT CCAACTATTG CAAAAGAAGT AG. 

or polypeptide has an amino acid 
The coat protein or polyp P ^ f q11ows . 

sequence corresponding to SEQ. w 

pTKLGOI YEWPENNIjR VRVGDAAQGK FSKASFIjKYV kdgtqael,tg 
MAFELKLGQI YEWFtm^ zvFPOETDIGV VPESETL.TPN 

„w,.,™ SSSS» ™™» 

= =r r — == 
= = = =-» — 

NTLHNVFQLL QKK 

and a secular weight fro about 33 to about 43 *Da. 
^"^rrtlvX: tne « ^.e o £ r: _ 

present invention can constitute an open reading £ ra„e 
present undefined protexn or 

Wh Tide tLb DNA .olecuXe comprises the nucXSotide 
fe^ce copending to SBO. ». - " as roXXows: 

ATGTACAGTA GAGGGTCTTT CTTTAAGTCT CGGGTTACCC TTCCXACTCT 
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^rrAGCA TACATGTGGG AGTTTGAACT CCCGTATCTT AGGGACAAGA 
GACACATCAG CTATAGCGCG CGAAGTGTCG CGACTTTTAG CCTTGTGTCG 
AGGTAG . 

The first undefined protein or polypeptide has an amino 
Icld sequence oorresponding to SBQ. ID . No . 12 as 

follows:- 

HySRGSFFKS RVTLPTljVGA YMWEFEIjPYIi TPKKHISYSA PSVA TF S L VS 



R 



and a molecular weight from about 5 to about 7 kDa. 
preferably^ «, ^ ^ „ open 

reading frame whioh oodes for a seoond undefined 

„ ne leafroll virus protein or polypeptide and 
Arises £ nucleotide sequence corresponding to SEQ . 
ID. No. 13 as follows: 

e*f t TRAIT TTAAACAGGC AATACTGTTG CTAGTAGTCG ATTTTGTCTT 
c^tgctgg ttcttaggtt CGTCGTCCCG AGGTTACAGC 
SIgS^cac cattaataca ggtcttagga cagtgtga. 

The seoond undefined protein or -^^"^"x* as 
amino aoid sequence corresponding to SEQ. ID. H 

follows : 

MDDPKQAIDL LWDFVFVH U.DVDTFWP P^OSSTXNT GDRTV 

from about 4 to about 6 kDa, 
and a molecular weight from aoo 

preferably^^.^ _ _ ^ 

^- „ frame whioh codes for a grapevine leafroll 
True ^protein or polypeptide repeat and comprises 



the nucleotide sequence corresponding to SEQ. ID, No. 
15 as— follows.: 

ATGGGAGCTT ATACACATGT AGACTTTCAT GAGTCGCGGT TGCTGAAAGA 
CAAACAAGAC TATCTTTCTT TCAAGTCAGC GGATGAAGCT CCTCCTGATC 
CTCCCGGATA CGTTCGCCCA GATAGTTATG TGAGGGCTTA TTTGATACAA 
AGAGCAGACT TTCCCAATAC TCAAAGCTTA TCAGTTACGT TATCGATAGC 
CAGTAATAAG TTAGCTTCAG GTCTTATGGG AAGCGACGCA GTATCATCGT 
CGTTTATGCT GATGAACGAC GTGGGAGATT ACTTCGAGTG CGGCGTGTGT 
CACAACAAAC CCTACTTAGG ACGGGAAGTT ATCTTCTGTA GGAAATACAT 
AGGTGGGAGA GGAGTGGAGA TCACCACTGG TAAGAACTAC ACGTCGAACA 
ATTGGAACGA GGCGTCGTAC GTAATACAAG TGAACGTAGT CGATGGGTTA 
GCACAGACCA CTGTTAATTC TACTTATACG CAAACGGACG TTAGTGGTCT 
ACCCAAAAAT TGGACGCGTA TCTACAAAAT AACAAAGATA GTGTCCGTAG 
ATCAGAACCT CTACCCTGGT TGTTTCTCAG ACTCGAAACT GGGTGTAATG 
CGTATAAGGT CACTGTTAGT TTCCCCAGTG CGCATCTTCT TTAGGGATAT 
CTTATTGAAA CCTTTGAAGA AATCGTTCAA CGCAAGAATC GAGGATGTGC 
TGAATATTGA CGACACGTCG TTGTTAGTAC CGAGTCCTGT CGTACCAGAG 
TCTACGGGAG GTGTAGGTCC ATCAGAGCAG CTGGATGTAG TGGCTTTAAC 
GTCCGACGTA ACGG AATTG A TCAACACTAG GGGGCAAGGT AAGATATGTT 
TTCCAGACTC AGTGTTATCG ATCAATGAAG CGGATATCTA CGATGAGCGG 
TATTTGCCGA TAACGGAAGC TCTACAGATA AACGCAAGAC TACGCAGACT 
CGTTCTTTCG AAAGG GGGGA GTCAAACACC ACGAGATATG GGGAATATGA 
TAGTGGCCAT GATACAACTT TTCGTACTCT ACTCTACTGT AAAGAATATA 
AGCGTCAAAG ACGGGTATAG GGTGGAGACC GAATTAGGTC AAAAGAGAGT 
CTACTTAAGT TATTCGGAAG TAAGGGAAGC TATATTAGGA GGGAAATACG 
GTGCGTCTCC AACCAACACT GTGCGATCCT TCATGAGGTA TTTTGCTCAC 
ACGACTATTA CTCTACTTAT AGAGAAGAAA ATTCAGCCAG GGTGTACTGC 
CCTAGCTAAG CAGGGCGTCC CGAAGAGGTT CACTCCGTAC TGCTTCGACT 
TCGCACTACT GGATAACAGA TATTACCCGG CGGACGTGTT GAAGGCTAAC 
GCAATGGCTT GCGGTATAGC GATTAAATCA GCTAATTTAA GGCGTAAAGG 
TTCGGAGACG TATAACATCT TAGAAAGCAT TTGA . 
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The grapevine leaf roll virus coat protein or 
polypeptide repeat has an amino acid sequence 
corresponding to SEQ. ID. No. 16 as follows: 

MGAYTHVDFH ESRLLKDKQD YLSFKSADEA PPDPPGYVRP DSYVRAYLIQ 
RADFPNTQSL SVTLSIASNK LASGLMG SDA VSSSFMLMND VGDYFECGVC 
HNKPYLGREV IFCRKYIGGR GVEITTGKNY TSNNWNEASY VIQVNWDGL. 
AQTTVNSTYT QTDVSGDPKN WTRIYKITKI VSVDQNL Y PG CFSDSKLiGVM 
RIRSLLVSPV RIFFRDILIjK PLKKSFNARI ED VTiN I DDTS LDVPSPWPE 
STGGVGPSEQ LDWALTSDV TELINTRGQG KICFPDSVLS I NEAD I YDER 
YliPITEALQI NARLRRLVLS KGGSQTPRDM GNMIVAMIQL FVLYSTVKNI 
SVKDGYRVET ELGQKRVYLS YSEVREAILG GKYGAS PTNT VRSFMRYFAH 
TTITLLIEKK I Q PACTALAK HGVPKRFTPY CFDFALLDNR YYPADVTjKAN 
• AMACAIAIKS ANLiRRKGSET YNILESI 

^nd a molecular weight from about 51 to about 55 kDa, 

preferably about 53 kDa. 

Yet another such DNA molecule constitutes an 
open reading frame which codes for a third undefined 
grapevine leafroll virus protein or polypeptide and 
comprises the nucleotide sequence corresponding to SEQ. 
ID. No. 17 as follows: 

ATGGAATTCA GACCAGTTTT AATTACAGTT CGCCGTGATC CCGGCGTAAA 
CACTGGTAGT TTGAAAGTGA TAGCTTATGA CTTACACTAC GACAATATAT 
TCGATAACTG CGCGGTAAAG TCGTTTCGAG ACACCGACAC TGGATTCACT 
GTTATGAAAG AATACTCGAC GAATTCAGCG TTCATACTAA GTCCTTATAA 
-AGTGTTTTCC G CGGTCTTTA ATAAGGAAGG TGAGATGATA AGTAACGATG 
TAGGATCGAG TTTCAGGGTT TACAATATCT TTTCGCAAAT GTGTAAAGAT 
ATCAACGAGA TCAGCGAGAT ACAACGCGCC GGTTACCTAG AAACATATTT 
AGGAGACGGG CAGGCTGACA CTGATATATT TTTTGATGTC TTAACCAACA 
ACAAAG C AAA GGTAAGGTGG TTAGTTAATA AAGACCATAG CGCGTGGTGT 
GGGATATTGA ATGATTTGAA GTGGGAAGAG AGCAACAAGG AGAAATTTAA 
GGGGAGAGAC ATACTAGATA CTTACGTTTT ATCGTCTGAT TATCCAGGGT 
TTAAATGA. 



10 



33 



_ or . oolvpeptide has an amino 
The third undefined protein or polyp P 

acid sequence corresponding to SEQ. ID. no 



follows : 



miTTivm uv DNIFDNCAVK SFRDTDTGFT 
„™,m7TTTV PPDPGVNTGS L.KVIAYDLHY DiNiruiNw* 
MEFRPVLITV RRDPG VN ^^ KPGEMI SNDVGSSFRV YNIFSQMCKD 

s - = — ™* MC 

GlbNPbKWEE SNKEKFKGRD XLDTYVLSSD YPGFK 

and . .oXecuXar wei g ht ^ about 33 to about 3 3 **. 

_ ^ t/T : b t cb coae, . r a 

ID. No. 19 as follows: 

^ r"T ATCTTATC TTAAGGTTGT CAAAGTCGCT 
ATGAAGTTGC TTTCGCTCCG TRTRAAGGfiG gCGCTTATAA 

T AGAACGAAC TcCG^OG GTGCCGTATT AAGAGACTCT 

, 0 . ACTATTACAA CGCCTCTTTC RGGTGCGGTT CGCAAAATTC 

CGCGAAAGTA TAGAGAATTT TC ^™°^ cacAGTCTGT AAGATGTCGA 
CTGCCGAGTC A^AAGG- T = AA ^AC.CGT CGCCGACTCC 
TAGAAACAGC CAOAAGTTTT *J ATTAAAGATA ATTTCCGCTT 

TCTGTTTCAG COTTGGAA^ TGGTGATTGT GGATCCGACG 

25 AAGAAAAAGG AGAGGCAAGT aGAATCGAGG ATTGGGGTGC 

TTGCGAAAGT ^^GGT AGACAAGGAG GTGGAAACGT 

rTAGATTCCT TGAAGCTAGT TTGCo l/w 
r^OCAC CTACTAATCT CATCTCTGGG TTAA. 

follows : 

, „ SKSLRTN DHLVTjIIjIKE AL.INTO.ASF TDEGAVXjRDS 
35 ,S SSS MKAbX™- KMS I ETARSF XGOX-XbVAOS 
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SVSALEEAKS IKDNFRLRKR RGKYYYSGDC GSDVAKVKYI LSGENRGLGC 
VDSLKLVCVG RQGGGNVLQH LLISSLG 



and a molecular weight from about 17 to about 23 kDa, 

preferably about 20 kDa. 

Yet another such DNA molecule constitutes an 
open reading frame which codes for a fifth undefined 
grapevine leafroll virus protein or polypeptide and 
comprises the nucleotide sequence corresponding to SEQ. 
ID. No. 21 as follows: 

ATGGACCTAT CGTTTATTAT TGTGCAGATC CTTTCCGCCT CGTACAATAA 
TGACGTGACA GCACTTTACA CTTTGATTAA CGCGTATAAT AGCGTTGATG 
ATACGACGCG CTGGGCAGCG ATAAACGATC CGCAAGCTGA GGTTAACGTC 
GTGAAGGCTT ACGTAGCTAC TACAGCGACG ACTGAGCTGC ATAGAACAAT 
TCTCATTGAC AGTATAGACT CCGCCTTCGC TTATGACCAA GTGGGGTGTT 
TGGTGGGCAT AG CT AG AGGT TTGCTTAGAC ATTCGGAAGA TGTTCTGGAG 
GTCATCAAGT CGATGGAGTT ATTCGAAGTG TGTCGTGGAA AGAGGGGAAG 
CAAAAGATAT CTTGGATACT TAAGTGATCA ATGCACTAAC AAATACATGA 
TGCTAACTCA GGCCGGACTG GCCGCAGTTG AAGGAGCAGA CATACTACGA 
ACGAATCATC TAGTCAGTGG TAATAAGTTC TCTCCAAATT TCGGGATCGC 
TAGGATGTTG CTCTTGACGC TTTGTTGCGG AGCACTATAA. 

The fifth undefined protein or polypeptide has an amino 
acid sequence corresponding to SEQ. ID. No. 22 as 
follows : 

MDDSFIIVQI LSASYNNDVT ALYTLINAYN SVDDTTRWAA INDPQAEVNV 
VKAYVATTAT TELHRTILID SIDSAFAYDQ VGCLVGIARG LLRHSEDVLiE 
VIKSMELFEV CRGKRGSKRY LGYLSDQCTN KYMMLTQAGL AAVEGADILR 
TNHLVSGNKF SPNFGIARML LLTLCCGAL 

and a molecular weight from about 17 to about 23 kDa,.. 
preferably about 20 kDa. 
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Yet another such DNA molecule constitutes an 
open reading frame which codes for a sixth undefined 
grapevine leafroll virus protein or polypeptide and 
comprises the nucleotide sequence corresponding to SEQ . 
ID. No. 23 as follows: 

ATG AGGCACT TAGAAAAACC CATCAGAGTA GCGGTACACT ATTGCGTCGT 
GCGAAGTGAC GTTTGTGACG GGTGGGATGT ATTTATAGGC GTAACGTTAA 
TCGGTATGTT TATTAGTTAC TATTTATATG CTCTAATTAG CATATGTAGA 
AAAGGAGAAG GTTTAACAAC CAGTAATGGG TAA. 

The sixth undefined protein or polypeptide has an amino 
acid sequence corresponding to SEQ. ID. No. 24 as 
follows : 

MRHLEKPIRV AVHVCWRSD VCDGWDVFIG VTLIGMFISY YbYAHSXCR 
KGEGIjTTSNG 

and a molecular weight from about 5 to about 9 kDa, 

nreferably about 7 kDa. 

Also encompassed by the present invention are 

fragments of the DNA molecules of the present 
invention. Suitable fragments capable of imparting 
grapevine leafroll resistance to grape plants are 
constructed by using appropriate restriction sites, 
revealed by inspection of the DNA molecule's sequence, 
to - (i) insert an interposon (Felley et al . , 
-interposon Mutagenesis, of Soil and Water Bacteria: a 
Familyof DNA Fragments Designed for in vitro Insertion 
Family Gram _ n egative Bacteria," Ceng, 52:147-1= 

Mutagenesis of Gram negati , 
,„."> . which is hereby incorporated by reference) such 
that truncated forms of the grapevine leafroXl vrrus 
coat polypeptide or protein, that lac* varrous amounts 
of the C-terminus, can be produced or (u) delete 
various internal portions of the protein. 
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Alternatively, the sequence can be used to amplify any 
portion of the coding region, such that it can be 
cloned into a vector supplying both transcription and 
translation start signals. 

Variants may also (or alternatively) be 
modified by, for example, the deletion or addition of 
nucleotides that have minimal influence on the 
properties, secondary structure and hydropathic nature 
of the encoded polypeptide. For example, the 
nucleotides encoding a polypeptide may be conjugated to 
a signal (or leader) sequence at the N-terminal end of 
the protein which co- translationally or post- 
translationally directs transfer of the protein. The 
nucleotide sequence may also be altered so that the 
encoded polypeptide is conjugated to a linker or other 
sequence for ease of synthesis, purification, or 
identification of the polypeptide. 

The protein or polypeptide of the present 
invention is preferably produced in purified form 
(preferably, at least about 80%, more preferably 90., 
""pure) by conventional techniques. Typically, the 
protein or polypeptide of. the present invention is 
isolated by lysing and sonication. After washing, the 
lysate pellet is resuspended in buffer containing Tns- 
HC1 During dialysis, a precipitate forms from this 
protein solution. The solution is centrifuged, and the 
pellet is washed and resuspended in the buffer 
containing Tris-HCl. Proteins are. resolved by 
electrophoresis through an SDS 12% polyacrylamide gel. 

The DNA molecule encoding the grapevine 
leafiroll virus protein or polypeptide of the present 
invention can be incorporated in cells using ■ 
conventional recombinant DNA technology. Generally, 
this involves inserting the DNA molecule into an 
expression system to which the DNA molecule is 
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heterologous (i.e. not normally present, The 
heterologous DNA molecule is inserted into the 
egression system or vector in proper sense orientation 
Z oorrect reading frame. The veotor contains the 
necessary elements for the transcription and 
translation of the inserted protein-coding sequences. 

O S Patent Bo. 4,237.224 to Cohen and Boyer. 
which is hereby-incorporated by reference describes 

production of Expression systems in the form of 
recoLinant plasmids using restriction enzyme cleavage 
and ligation with DNA ligase. These recombinant 
pxtsmids are then introduced by means of transformation 
Ind replicated in unicellular cultures including 
photic organisms and eucaryotic cells grown in 

tlssU e -^^ inant genes may also be introduced into 

as vaccinia virus. Recombinant viruses 
^generated by transf action of plasmids into cells 

in£ ected »^ t ^; ectors include , but are not limi ted 

to the following viral vectors such as lambda vector 
at WES tB. Gharon 4. and plasmid vectors 

Tons 9 : -2 PB— pACVC^. PACVC1S4. pUCS 

pVClB. pUC19 1 pi/3339 , pR230. pKC37, pKClOl. SV 40. 

oBluescript II SK or KS +/- (see "Stratagene 

Closing Systems" Catalog from -ratagene. Da 

folia calif, which is hereby incorporated by 
reference). pQE, P IH821. pGBX. P ET. series (see Studier 
" al - se of T7 RNA Polymerase to Direct Expression 
If' Cloned Genes." S^™^ Technology , vol 185 

which is hereby incorporated by reference), and 
Z derivatives thereof. Recombinant molecule can be 
Introduced into cells via transformation. — ^ 
conjugation, mobilization, or electroporation. The DNA 
sequences are cloned into the vector using standard 
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cloning procedures in the art, as described by Manxes 

springs Laboratory. Cold Springs Harbor. New York 
( 1 98 2). which is hereby incorporated by reference. 

A variety of host -vector systems may be 
utilized to express the protein-encoding sequence (s). 
Primarily, the vector system must be 

the host cell used. Host-vector systems include but 
are not limited to the following: bacteria transformed 
wl th bacteriophage DNA, plasmid DNA, or cosmid DNA. 
ricroorganisms such as yeast containing yeast vectors.- 
mammalian cell systems infected with virus^ 
vaccinia virus, adenovirus, etc.), insect ce y 
infected with virus (e.g., baculovirus) ; and plant 

lM . . K ._,»^4. or transformed via particle 

cells infected by bacteria or in' 

. ,_• ....i-d The expression elements 
bombardment (i.e. biolistics) . Tne e p . 

of these vectors vary in their strength and 

specificities. Depending upon the host-vector system 

utilized, any one of a number of suitable transcription 

and translation elements can be used. 

Different genetic signals and processing 

events control many levels of gene expression (e.g.. 

DNA transcription and messenger RNA ( "mRNA" ) 

translation) - . v ^ 

Transcription of DNA is dependent upon the 

presence of a promoter which is a DNA 
directs the binding of RNA polymerase and thereby 
promotes mRNA synthesis. The DNA sequences of 
■ eucaryotic promoters differ from those of procaryotic 
promoters. Furthermore, eucaryotic promoters and _ 
accompanying genetic signals may not be -cognized in 
or may not function in a procaryotic system, and 
further, procaryotic promoters are not recognized and 
do not function in eucaryotic cells. 
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• i.,-\v translation of mRNA in ; 
Similarly. k« rawer 
rt«.ends upon the presence o£ the prop 
procaryotes depends P ^ ^ of 

procaryotic signals whi o£ ^ in 

eucaryotes. «f«x««?« binding site ca iled the 

procaryotes requ-es a ot ^ ^ Thls 

Shine-ralgarno . SD ^ ^ rf ^ fchat „ 

sequence xs a short nu ^ which 

Xocated methionine of the protein 

encodes the «~~^^ mplem entary to the 3' -end of the 
The SD sequences are^ P bindxng 
a6S rWffi (ribosomal RHA) _an p ^ ^ 

at m*»A to ribosomes by f t ^ riiosme . F or a 
all ov oorrect positxonxng °* ^ _ ^ 
reviev on- maximizing gene P is 

he reby — ^Tthlir "strength" U.e. 

Promoters vary l For the 

their ability to promote transc p ^ ^ ^..^l 

purposes of ^"'"^/J^J'to obtain a high level 
to use strong promoters i ^ . Qn q£ che ge ne . 

of transcription ana h J, utilized , any one 

spending upon th h promotors may be used. For 
of a number of suxtabl P bacteriophages. 

instance, when the T7 pha ge promoter, 

or plasmids P-°-»; tor _ recA promo tor. ribosomal 
Jac promoter, erp P Ktor8 of coliphage 

"» Pr ° m0t ° r ;. h ers including but not limited, to 
laI *>da and others, x ^ ^ -y fee used co 

jacUVB. ompF, U . nscription of adjacent DNA 

airect high levels o transc P cUV5 (tac , ■ 

segments, ^^"/"^/p^omotors produced by 
promoter or other ■ hetic DNA techniques may 

rredCp-id: « 0£ «- — 
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Bacterial host cell strains and expression 
-vectors may be chosen which inhibit the action of the 
promoter unless specifically induced. In certain 
operons, the addition of specific inducers is necessary 
for efficient transcription of the inserted DNA. For 
example, the lac operon is induced by the addition of 
lactose or IPTG (isopropylthio-beta-D-galactoside) . A 
variety of other operons, such as trp, pro, etc., are 
under different controls. 

Specific initiation signals are also required 
for efficient gene ' transcription and translation in 
procaryotic cells. These transcription and translation 
Initiation signals may vary in "strength- as measured 
by the quantity of gene specific messenger KNA and 
protein synthesized, respectively. The DNA expression 
vector, which contains a promoter, may also contain any 
combination of various "strong" transcription and/or 
translation initiation signals. For instance, 
efficient translation in E. coli requires a Shine- 
Dalgarno C'SD«) sequence about 7-9 bases 5' to the 
initiation codon ( " ATG " ) to provide a ribosome binding 
site Thus, any SD-ATG combination that can be 
utilized by host cell ribosomes may be employed. Such 
combinations include but are not limited to the SD-ATG 
combination from the cro gene or the N gene of 
coliphage lambda, or from the E. coll tryptophan E D, 
C B or A genes. Additionally, any SD-ATG combination 
produced by recombinant DNA or other techniques 
involving incorporation of synthetic nucleotides may be 

30 US6d ' once the isolated DNA molecules encoding the 

various grapevine leafroll virus proteins or • 
polypeptides, as described above, have been cloned into 
an expression system, they are ready to be incorporated 

35 into a host cell. Such incorporation can be carried 



25 



41 - 



10 



15 



20 



25 



fnrms of transformation noted above, 
out ^ the various system . suitable 

aepending upon the vector/ ^ bacte ria. 

h ost cells -elude but are ^ ^ 

virus, yeast, mammalian cexj.*, 

lik6 ' The present invention also relates to RNA 

r the various grapevine leafroll 

m oleculee which desc; 9 ribed above . The 

vi rus ^ ot " nS n °^ PO E ^;r size a using the host cells of 

transcripts can be synth conventional 

the present invention by any of ^ ^ ^ ^ 

techniques. «« typically inc lude wheat- 
or in vivo . Cell rre , translation can 

ge rm or reticulocyte e*^^ , ^ ^ 

b e effected, for example, by micron. 3 

°° CyteE ' one aspect of the present invention involves 

of the above DNA molecules encoding 
using one or more of ^e _ lne 

r^nrT:: Tra^/ape in order to 

leafroll vnrus « resistance to the plants, 

impart grapevine leafrol ^parted in not 

Th e mechanism b y ^J^Z^s*. the transformed 
— » Tat P-tein or polypeptide, and. 

plant can express P inocu i at ed by a grapevine 

„hen the transformed f an * GLRaV . 2> G1 , Rav _ 3 , 

leafroll virus, such a ^ 1 o£ these , 

C.KaV-*. ^; 5 oat °; r ^: « polypeptide surrounds the 

the ^^ y C ; a r : v P ent , ng translation of the viral DN- 
virus, thereby p ^ ^ . nvenClon 

constitutively expressed^ Jit ^ ^ fcy 
can be regulated by P ^ suitable 

^rtirfrLrrpurposes ^ - — 
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expressed in response to grapevine leafroll virus 

infiltration^ ^ Qf 

k» utilized to impart grapevine leafroll 
invention can be o£ grapev ine plants. The 

resistance for a »id ™ lety g 

DNA molecules are cultivars . 

resistance to Vltis sc orotecC ed include those 

Scion -Itivars »h ch can h Pr : tect sin ^ ^ ^ 

fetdless. Black Corinth. ^ = ^ess. 

Malvoisie. Black Prince , ' cardinal. 
Eu rgrave. Calmeria, Campbell ^g^^^ Diaroond . 
Catawba. Christmas Concord ^Oat 

Di ,mar. Puchess Early ^ plame 

Emperor. Exotic, Per Gold , Himrod , „ un isa. 

seedless. Flame Tokay . Kha „dahar. 
Hussiene. Isabella Italia. July 

Kat ta. Kourgane „ uscat Flame . Muscat 

Monukka, Muscat of Alexanari . olivette 

Hamburg. »e„ -rk ^.^JT^.. — 
Blanche Ontario P-rce O^^^ 

RiEhBS a;3::> Thompson seedless, and Thomuscat . 
Suavis (IP 365 . P wine productio „, such 

They also - C ^f ca ^ 8 ; ouBch et. Aligote. Alvarelhao. 
as Aleatico, Alicante b cabernet franc, 

— -co blanc "^J^^.. Charbono. 

T',"^ ^ ^ blMC ' ClalreC " 
Chardonnay, Cnasseia Riesling, Feher 

b lanche. Early — ^^0— , Presia. 

SZa9 °I; Tmay Cewur /traminer . .rand noir, Cray 
Furmint, Camay, ^ veltliner. Grenache, 

i • „ rrpen Hungarian, Green 
Riesling, Green hu g _ aarein , umbrusco de 

Grlll °' Ta r,siaTianc;. Mataro. Melon. 

Sal amino, Malbec, i >«*•<-. 



) 



- 43 



Harlot. Meunier. Mission. Montua de Piles. Muscadelle 
du Bordelais. Muscat blanc, Muscat Ottonel . Muscat 
Saint -Vallier. Nebbiolo. Nebbiolo £ino, Nebbrolo 
L am P ia. Orange Muscat. Palomino. Pedro Ximenes. Petrt 
B^chet. Petite Sirah. Peverella. Pinot noir. Prnot 
saint-George. Primitive di Gioa, Red Veltlrner. 
Refosco. Rkatsiteli. Royalty. Rubired. Ruby Cabernet, 
Saint-Emilion.. Saint Macaire. Salvador. Sangiovese, 
Sauvi gnon blanc. sauvignon gris, Sauvignon vert. 
Scarlet, Seibal S279, Seibal 9110, Serbel 130S3, 
semillon. Servant, Shiraz, Souzao. Sultana Cr.mson. 
syltaner, Tannat. Teroldico, Tints Madeira, Trnto cao. 
Touriga, Traminer, Trabbiano Toscano, Trousseau 
vtidepenas. Viognier. Walschriesling, White Rreslrng, 
Ino Zinfandel. RootstocK cultivars which can be 
;" ot acted include Coudarc 1202, Couderc 1613 Couderc 
Zt Couderc 3309, Dog Ridge, Foex 33 EM, Freedom, 

£ STS^TTL— « 101-. Oppenheim « (SO., . 

Paulsen 775, Paulsen 1045, Paulsen 1103. Rrchter 99, 

"enter 110 Riparia Gloire. Ruggeri 225. Saint-George. 

Salt Cree*. Teleki 5A. Vitis rupestris Constants, 
vitis California, and Vitis girdiana. 

There exists an extensive similarity rn the 
hsD 70-related sequence regions of GLRaV-3 and other 
hsp70 rexate ^ . virus. Consequently, 

closteroviruses, such as tnsteza vir 
"he GLRaV-3 hs P 70-related gene can also be used to 
produce transgenic cultivars other than grape such as 
f itrus , which are resistant to enteroviruses other 
^an grapevine leafroll. such as tristesa vrrus^ These 
delude Stivers of lemon 1 grange. „ rurt . 

" U een. Shamouti, Valencia. Tenerife, Imperial 
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Doblefina, Washington Sanguine, More, Sanguinello 
Moscato, Spanish Sanguinelli, Tarocco, Atwood, 
Australian, Bahia, Baiana, Cram, Dalmau, Eddy, Fisher, 
Frost Washington, Gillette, LengNavelina, Washington, 
Satsuma Mandarin, Dancy, Robinson, Ponkan, Duncan, 
Marsh, Pink Marsh, Ruby Red, Red Seedless, Smooth 
-Seville, Orlando Tangelo, Eureka, Lisbon, Meyer Lemon' , 
Rough Lemon, Sour Orange, Persian Lime, West Indian 
Lime, Bearss, Sweet Lime, Troyer Citrange, and Citrus 

trifoliata. 

Plant tissue suitable for transformation 

include leaf tissue, root tissue, meristems. zygotic 
and somatic embryos, and anthers. It is particularly 
preferred to utilize embryos obtained from anther 
cultures . 

The expression system of the present 
invention can be used to transform virtually any plant 
tissue under suitable conditions- Tissue cells 
transformed in accordance with the present invention 
can be grown in vitro in a suitable medium to 
grapevine leaf roll virus resistance. Transformed cells 
can be regenerated into whole plants such that the 
protein or polypeptide imparts resistance to grapevine 
leaf roll virus in the intact transgenic plants In 
either case, the plant cells transformed with the 
recombinant DNA expression system of the P-ent 
invention are grown and caused to express that DNA 
roo iecule to produce one of the above -described 
grapevine leafroll virus proteins or polypeptides and, 
thus, to impart grapevine leafroll resistance 

One technique of transforming plants with 
the DNA molecules in accordance with the present 
invention is by contacting the tissue of such plants 

t %m t-\f n bacteria transformed with a 
with an inoculum of a cactena 

. . nn a aene in accordance with the present 
vector comprising a gene in 
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invention which imparts grapevine leaf roll resistance. 
Generally, this procedure involves inoculating the 
plant tissue with a suspension of bacteria and 
incubating the tissue for 48 to 72 hours on 
regeneration medium without antibiotics at 25-26 C. 

Bacteria from the genus Agrobacterium can be 
utilised to transform plant cells. Suitable species of 
such bacterium include Agrobacterium tumefaciens and 
Agrobacterium rhizogenes. Agrobacterium tumefaciens 
tfg . strains C58. bBA4404. or EHA105) is particularly 
useful due to its well-known ability to transform 

Plan "' Another approach to transforming plant cells 
with a gene which imparts resistance to pathogens is 
particle bombardment (also known as biolistic 
transformation) of the host cell. This^can be 
accomplished in one of several ways. The first 
involves propelling inert or biologically active 
particles at cells. This technique is disclosed in 
Is. Patent Nos. 4.945.050, 5.036.006. and 5.100.7*2. 
all to sanf ord et al . . and in Emerschad et al . . 
■■Somatic Embryogenesis and Plant Development from 
^mature Zygotic Embryos of 

vinifera)." r1 n n t SsU reports. 14:6-12 (1995) 
(» E merschad (1995)"), which are hereby incorporated by 
reference. Generally, this procedure involves 
propelling inert or biologically active Particles at 
the cells under conditions effective to penetrate the 
cuter surface of the cell and to be incorporated within 
the interior thereof, when inert particles are 
utilize:, the vector can be introduced into the cell by 
coating the particles with the vector containing the^ 
heterologous DMA. Alternatively, the target cell can 
be surrounded by the vector so that the vector is 
carried into the cell by the wake of the particle. 
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Biologically active particles (e.g.,. dried bacterial 
cells containing the vector and heterologous DNA) can 
also be propelled into plant cells. 

. Once a grape plant tissue is transformed in 
accordance with the present invention, it is 
regenerated to form a transgenic grape plant. 
-Generally, regeneration is accomplished by culturing 
-transformed tissue on medium containing the appropriate 
growth regulators and nutrients to allow for the 
initiation of shoot meristems . Appropriate antibiotics 
are added to the regeneration medium to inhibit the 
growth of Agrobacterium and to select for the 
development of transformed cells. Following shoot 
initiation, shoots are allowed to develop tissue 
culture and are screened for marker gene activity. 

The DNA molecules of the present invention 
can be made capable of transcription to a messenger 
RNA, which, although encoding for a grapevine leafroll 
virus protein or polypeptide, does not translate to the 
protein. This is known as RNA-mediated resistance. 
When a Vitis scion or rootstock cultivar is transformed 
with such a DNA molecule, the DNA molecule can be ^ 
transcribed under conditions effective to maintain the 
m essenger RNA in the plant cell at low level density 
readings. Density readings of between 15 and 50 using 
a Hewlet ScanJet and Image Analysis Program are 
preferred. 

The "grapevine leafroll virus- protein or 
polypeptide can also be used to raise antibodies or 
binding portions thereof or probes. The antibodies can 
be monoclonal or polyclonal. 

Monoclonal antibody production may be 
effected by techniques which are well-known in the art. 
Basically, the process involves first obtaining immune 
cells (lymphocytes) from the spleen of a mammal (e.g., 
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v, • * has been previously immunized with, the 
'^^ i^^^r in vivo or in vitro,- The 
antigen of interest 

^ Terr^u= ing such antiWies are cXoned. ana 
cdon.es produc. g vjtro ^ produce large 

grovm either m vivo descript ion of the 

quantities of antihody^ A aesc ^ ^ 

rTeiui forth in Kohler and MiXstein. SBB. 

^♦H (X . -ich is herehy incorporated hy 

" £SrenCe • Hawaiian Xymphocytes are immunised by in 
■ of the animai (e.g.. a mouse) with 

rptrerrrTox^tide of 

Such ionizations are ^ ated^ece ssary 
intervals of up to^ tJ- last antlgen boo st. 

ttt er of -- b f- S cr±f icea and sple en celXs removed. 
the anxma ^ ^ myeloma oeXXs or other 

LnabXe of repXicating indefiniteiy in 
£u sion partners capabl of p ^ ^ m 

ceXl cuXture * polyeChyle „e gXycoX 

techniques, for exampi y Mi istein and 

( "PEG" ) or other fusing agents^ See ^ 

KOhl "; r ^diyi=t:;.r"hi: immortaX ceXX Xine. 
incorporated t>y re derived 

. , . ^^fprablv murine, but may <»x» 
which is preferaoxy SDe cies, including but 

-.me of other mammalian species. , 
from cells ot otne* selected to be 

--^ 1-0 rats and humans, is selected 
not limited to rats utilization of 
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to have good fusion capability. Many such cell lines 
are known to those skilled in the art, and others are 

regularly described. 

Procedures for raising polyclonal antibodies 
are also well known. Typically, such antibodies can be 
raised by administering the protein or polypeptide of 
the present invention subcutaneously to New Zealand 
white rabbits which have first been bled to obtain pre- 
immune serum. The antigens can be injected at a total 

of 100 ,1 Per site at six different sites Each 
injected material will contain synthetic surfactant 
adjuvant pluronic polyols, or pulverized acrylamide gel 
containing the protein or polypeptide . 
polyacrylamide gel electrophoresis. The rabbits are 
then bled two weeks after the first injection and 
periodically boosted with the same antigen three times 
every six weeks. A sample of serum is then collected 
X0 days after each boost. Polyclonal antibodies are 
then recovered from the serum by affinity 
chromatography using the corresponding antigen to 
capture the antibody. Ultimately, the rabbits are 
euthenized with pentobarbital 150 mg/Kg IV. This and 
other procedures for raising polyclonal antibodies are 
I-sclosed in Harlow et . al . , editors, J^tibgd^ A 
,^^^^1 (1988) , which is hereby incorporated 

bv reference. 

in addition to utilizing whole antibodies, 

binding portions of such antibodies can be used. Such 
binding portions include Fab fragments, F(ab ) 2 
fragmeLs, and Fv fragments. These antibody fragments 
can be made by conventional procedures, such as 
proteolytic fragmentation procedures, as described in 

Coding, 

Practice, New York: Academic Press, PP- 98-118 (1983), 
Z^TTs hereby incorporated by reference . 
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The present invention also relates to probes 
found-either in nature or prepared synthetically by 
recombinant DNA procedures or other biologrcal 
procedures. Suitable probes are molecules which bind 
Z grapevine leafroll viral antigens identrf red by the 
mo no=lo„al antibodies of the present invention. Such 
probes can be. for example, proteins, peptrdes. 
lectins, or nucleic acid probes. 

The antibodies or binding portions thereof 
or probes can be administered to grapevine leafroll 
"rus infected scion cultivars or rootstocx cultrvars. 
Alternatively, at least the binding portions of these 
-antibodies can be sequenced, and the encoding DNA 
synthesized. The encoding DNA molecule can be used to 
transform plants together with a promoter which causes 
expression of the encoded antibody when the plant rs 
infected by grapevine leafroll virus. In erther case 

antibody or binding portion thereof or pro*. , -xll 
bind to the vims and help prevent the usual leafroll 

response. ^.^.^ raised against the proteins or 
polypeptides of the present invention or binding 
portions of these antibodies can be utilized rn a 
Method for detection of grapevine leafroll vrrus rn a 
"ample of tissue, such as tissue from a grape scron or 

„ t „„ t Antibodies or binding portions thereof 
Stable forTse in the detection method include those 
raised against a helica.se. an RNA-dependent RNA 
polymerase, an hspVO-related. an hsp90-related or a 
coaVprotein or polypeptide in accordance wrth the 
Resent invention Any reaction of the sample with the 
antibody is detected using an assay system whrch 
indicates the presence of grapevine leafroll vrrus rn 
the sample. A variety of assay systems can be 
employed, such as enzyme-linked immunosorbent assays. 
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radioimmunoassays, gel diffusion precipitin reaction 
assays, immunodiffusion assays, aggiutination assays, 
fluorescent immunoassays, protein A immunoassays, or 
Immunoelectrophoresis assays. 

Alternatively, grapevine leafroll virus can 

b e detected in such a sample using a »" l ~ t "« 
sequence of the DNA molecule, or a fragment thereof 
"coding for a protein or polypeptide of the present 
Invention. The nucleotide sequence is provided as a 
ZZ in a nucleic acid hybridisation assay or a gene 
amplification detection procedure (e.g., using a 
"lymerase chain reaction procedure, ^ Any reaction 

Wiethe probe is detected so that the presence of 

grapevine leafroll virus in the sample is greeted. 

The following examples are provided to 

illustrate embodiments of the present invention but are 

by no means intended to limit its scope. 



EXAMPLES 



. 1r 3 _ M^-rialff and Methods 

^7^ rificat ion^ dsRKA isolation. The 

NY! isolate, which is also referred to as isolate GLRaV 
" by Golino, "The Davis Grapevine Virus Collection, 

. . ^ oftft ?05 (1992 . a member of 
r j t^I VitlC 43:200-205 U»^' . 

& 3J<er - J ~ characterization of Closterovirus- 

GLRaV-3 (Huetal.. "Charactenza Toa ^ 0 - n 

w?i-h Grapevine Leafroll 
-i it- particles Associated witn va^yc 

like Parties 128: 1-14 (1990) ("Hu 

Disease, « -- , thology of Leaf roll - 

(1990)") and Zee et al . , "Cytopatnoiogy 

„ fhe purification and Serology 

Diseased Grapevines and the Punt 

of Associated closteroviruslike Particles, 

of Associ (1987) ("Zee (1987)"), 

pw*,- ^ 1-holQCTV , 77:1427-1434 (XV »n 

- Y K . i_ j hv reference) was used 

which are hereby incorporated by reteren 

throughout this work. Leaf roll-diseased canes and 
mature leaves were collected from a vineyard in central 
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New York State, and kept at -20»C until used. GI*aV-3 
virus particles were purified according to the method 
described by Zee (1987. . which is hereby incorporated 
Z reference, and edified later by Hu ,1990) which is 
incorporated by reference. After two cycles of Cs jS 0 
grao^nt purification, virus particles were observable 
Lou. virus -enriched fractions by negative staining on 

an electron microscope . 

The dsRNA was extracted from scraped 
b ark/phloem tissue of canes as described in Hu <1990, . 
which is hereby incorporated by reference. Briefly, 
total nucleic acid was extracted with 
nhenol/chloroform; dsRNA was absorbed on a CF-11 
cellulose column under 17% ethanol and eluted wrthout 
ethanol. After two cycles of ethanol precipitation, 
rtaRMA was analyzed by electrophoresis on a 6% 
dsRMA was a y x . A high Mr dsRNA (-16 

oolyacrylamide or 1< agarose s= 
L) along with several smaller Mr dsRNAs was 
insistently identified in leafroll diseased but not in 
healthy samples (Hu (1990), which is hereby 
incorporated by reference, . The 16 Kb dsRNA, which was 
presumably a replioative form of the virus was 
purified further following separation on a low melting 
temperature-agarose gel (Sambrook et al . , 

harbor Laboratory Press (1969, (.Sambrook ,1939, 
which is hereby incorporated by reference, The 
double-stranded nature of the ds^A was confirmed after 
Tt was demonstrated to be resistant to DHase and RNase 
in high salt but sensitive to RNase in water (Hu 

U990 , . which is hereby incorporated by reference), 
cDNA synthesis and molecular cloning. 

complementary DNA (cDNA) was prepared by the P~~dure 

o£ oubler et al., "A Simple and Very 

tor Generating cDNA libraries," Sens, 25 -.263 (1983), 
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which is hereby incorporated by reference, and modified 
for dsRNA by Jelkmann et al . , "Cloning of Four Plant 
Viruses from Small Quantities of Double -Stranded RNA, « . 
^on a tholoay. 79:1250-1253 (1989), which is hereby 
incorporated by reference. Briefly, following 
denaturation of about 2 M 9 of dsRNA in 2 0 mM 
methylmercuric hydroxide (MeHg) for 10 min, the first- 
strand cDNA was synthesized by avian myeloblastosis 
virus ("AMV") -reverse transcriptase using random 
primers (Boehringer Mannheim, Indianapolis. IN). The 
second- strand cDNA was synthesized with DNA polymerase 
I while RNA templates were treated with RNase H. The 
cDNA was size-fractionated on a CL-4B Sepharose column 
and peak fractions, which contained larger molecular 
weight cDNA, were pooled and used for cloning. 
Complimentary DNA ends were blunted with T4 DNA 
polymerase, and Eco RI adapters were ligated onto a 
portion of the blunt-ended cDNA. After treatment with 
T4 polynucleotide kinase and removal of unligated 
adapters by spin column chromatography, the cDNA was 
ligated with lambda ZAPI I /EcoR I prepared arms 
(Stratagene, La Jolla, CA) . These recombinant DNAs 
were packaged in vitro with GIGAPACK II GOLD™ 
packaging extract according to the manufacturer' s 
instruction (Stratagene) . The packaged phage particles 
were used to infect bacteria, XLl-blue cells. 

Screening the cDNA library. To select 
GLRaV.-3 dsRNA specific cDNA clones, probes were 
prepared from UNI-AMP™ (dontech, Palo Alto, CA) PCR- 
amplified cDNA . PCR-amplif ied GLRaV- 3 cDNA was labeled 
with 32 P [a-dATP] by Klenow fragment of E. cola DNA 
polymerase I with random primers and used as a probe 
for screening the library (Feinberg et al . . "A 
Technique for Radiolabeling DNA Restriction 
• Endonuclease Fragments to High Specific Activity," 
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^i ^n Riochem. . 132:6-13 (1983) ("Feinberg (1983) « ) . 
which is hereby incorporated by reference) . Library 
screening was carried out by transferring plaques grown 
overnight onto GENESCREEN PLUS™ filters, following the 
manufacturer's instructions for denaturation, 
prehybridization, and hybridization (Dupont, Boston, 
MA) After washing, an autoradiograph was developed 
after exposing Kodak X-OMAT film to the washed filters 
overnight at -80°C. Bacteriophage recombinants were 
converted into plasmids (in vivo excision) following 
the manufacturer's instruction (Stratagene) . 

Identification of the coat protein gene was 
done by immunoscreening the cDNA library with GLRaV-3 
specific polyclonal (Zee (1987), which is 
incorporated by reference) and monoclonal (Hu (1990) , 
which is hereby incorporated by reference) antibodies. 
Degenerate primer ( 5 ' GGNGGNGGNACNTTYGAYGTNTCN (SEQ. ID. 
No 25) , I=inosine, Y=T or C) generated from a 
conserved amino acid sequence in Motif -C of the BYV 
HSP70 gene ( P 65) was used to select HSP70 positive 
clones . Further sequence extension was made possible 
bv the clone walking strategy, which used sequences 
that flanked the sequence contig to probe the library 
for a clone that might contain an insert extending 
farther in either 5' or 3' direction. 

Northern blot hybridization. Inserts from 
selected clones were labeled with "Pta-dATP] by Klenow 
fragment of E. coll DNA polymerase I (Feinberg (1983) , 
which is hereby incorporated by reference) and used as 
probes to test their specific reactions to dsRNAs 
isolated from leaf roll infected tissues. Double- 
stranded RNA isolated from GLRaV-3 infected vines was 
separated by electrophoresis on a 1% agarose gel 
(nondenatured condition) , denatured with 50 mM NaOH , 
.0.6 M NaCl for 3 0 min at room temperature, and 
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neutralized with 1.5 M NaCl, 0.5 M Tris-HCl, pH 7.5 for 
another 3 0 min. Denatured dsRNA was. sandwich-blotted 
onto a GENES CREEN PLUS™ membrane. Prehybridization 
and hybridization were carried out in a manner similar 
5 to that described above. The membrane was washed and 

exposed to Kodak X-OMAT film, and an autoradiograph was 
developed . 

Identification of inununopositive clones. 
For immunoscreening, plates with plagues appearing 
10 after 8-12 h incubation at 3 7 °C were overlaid with a 10 

mM isopropyl-/3-D-thio-galactopyranoside ("IPTG") 
impregnated Nylon filters (GENESCREEN PLUS™) and 
incubated for an additional 3-4 h. After blocking with 
3% bovine serum albumin ( "BSA" ) , the blotted filter was 
15 incubated in a 1:1000 dilution of alkaline phosphatase- 

conjugated GLRaV-3 polyclonal antibody for 3 h at 37°C. 
Positive signals (purple dots) were developed by 
■ incubation of washed filters in a freshly prepared 
nitroblue tetrazolium ( " NBT " ) and 5-bromo-4-chloro-3 - 
20 indolyl phosphate ("BCIP") solution. To further 

confirm whether or not a true GLRaV-3 coat protein 
expression plaque was selected, a secondary 
immunoscreening was carried out by reinfection of 
bacterial XL1 Blue cells with an earlier selected 
25 plague. 

Western blot analysis. After secondary 
immunoscreening, GLRaV-3 antibody positive plaques were 
converted into plasmid, the pBluescript, by in vivo 
excision. Single colonies were picked up and cultured 

30 in LB medium with .100 /ig/ml of ampicillin until mid- 

log growth. Fusion protein expression was induced by 
addition of 10 mM IPTG with an additional 3 h of 
incubation at 37 °C. Bacteria was pelleted and 
denatured by boiling in protein denaturation buffer 

35 (sambrook (1989), which is hereby incorporated by 
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reference) . An aliquot of 5 ,xl denatured sample, was 
loaded and separated by electrophoresis on a 12% SDS- _ 
polyacrylamide gel along with a prestained protein 
m olecular weight marker (Bio-Rad, Hercules, CA) The 
separated proteins were transferred onto an Immobulon 
m embrane (Millipore) with an electroblotting apparatus 
(Bio-Rad) . After blocking with 3% BSA, the transferred 
me mbrane was incubated with 1:1,000 dilution of either 
GLRaV-3 polyclonal or monoclonal antibody alkal-i-ne- - 
phosphatase conjugate. A positive signal was developed 
after incubation of the washed membrane in HOT and 
BCIP 

PGR analysis. To analyze a cloned insert, 
an aliquot of a bacterial culture was used directly in 
PGR amplification with common vector primers (SK and 
KS ) . PCR-amplified product was analyzed by 
electrophoresis on an agarose gel. 

Nucleotide sequencing and computer sequence 
analysis. Plasmid DNA, purified by either a CsCl 
me thod (Sambrook (1989) . which is hereby incorporated 
by reference) or a modified mini alkaline-lysis/PEG 
precipitation procedure (Applied Biosystems' 
instruction) , was sequenced either with Sequenase 
version 2 kit following the manufacturer's instruction 
(US Biochemical, Cleveland, Ohio) or with Tag 
DYEDEOXY- terminator cycle sequencing kit (Applied 
Biosystems, Inc.). Automated sequencing was conducted 
on,an ABI373 automated sequencer at the Hew York State 
Agricultural Experiment Station in Geneva, New York. 

Nucleotide sequences were analyzed usrng a 
Genetics Computer Group (GOG) sequence analysis 
software package (Madison, Wisconsin). 

fragments were assembled using Newgelstart to initiate 
the GCG fragment assembly system and to support 
automated fragment assembly in GCG Version 7.2. 
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Computer-assisted analysis of phylogenetic 
relationship. Amino acid sequences were either 
obtained from database Swiss -Prot or translated from 
nucleotide sequences obtained from GenBank. A 
phylogenetic tree depicting a relationship in the 
evolution of the GLRaV-3 coat protein sequence with 
respect to those of other filamentous plant viruses was 
generated using the Clustal Method of the DNASTAR' s 
MegAlign program (Madison, Wisconsin) . With the 
Cl%stal method, a preliminary phylogeny is derived from 
the distances between pairs of input sequences and the 
application of the UPGMA algorithm (Sneath et al . , 
Numerical Taxonomy - The Principles and Practice of 
wvimerica] Taxonomy , Freeman Press (1973) , which is 
hereby incorporated by reference) which guides the 
alignment of ancestral sequences. The final phylogeny 
is produced by applying the neighborhood joining method 
of Saitou et al . , "The Neighbor Joining Method: A New 
Method for Reconstructing Phylogenetic Trees," Mol^ 
Rl -n1 . Evol. . 4:406-425 (1987), which is hereby 
incorporated by reference, to the distance and 

alignment data. 

Nucleotide sequence and primer selection. 
The sequence fragment (Figure 2) selected for PCR has 
now been identified to be from nucleotides 9,364 to 
10,011 of the incomplete GLRaV- 3 genome (Figure 18). 
This sequence region encodes a short peptide which 
shares sequence similarity to HSP90 homologues of other 
closteroviruses (Figure 3). Selected primers and their 
designations are shown in Figure 2 . 

Sample preparation. These include 1) dsRNA, 
2) purified virus, 3) partially purified virus, 
4) proteinase K treated crude extract, and 5) immuno- 
capture preparation. 
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Isolation of dsRNA from leafroll infected 
grapevine tissues followed the procedure developed by 
Hu (1990) , which is hereby incorporated by reference. 

Virus purification was effected by the 
5 following procedure. An aliquot of 500 /xl GLRaV-3- 

enriched fractions after two cycles of Cs 2 S0 4 gradient 
was diluted with two volumes of ' TE buffer (10 mM Tris, 
1 mM EDTA, pH 8.0) and incubated on ice for 5 min. The 
reaction was then adjusted to a final concentration of 
10 200 mM NaAc, pH 5.0, 0.5% SDS, and 200 /xg/ml proteinase 

K and incubated at 37 °C for 3 h. Viral RNA was 
extracted with phenol and chloroform, ethanol- 
precipitated, and resuspended in 50 /xl of diethyl 
pyrocarbonate ( "DEPC" ) -treated H 2 0. For each 100 /xl 
15 PCR reaction mixture, 1 /xl of purified viral RNA was 

used as template . 

Partially purified virus was prepared 
according to the virus purification procedure described 
in Hu (1990) , which is hereby incorporated by 
20 reference, but only to the high speed centrif ugation 

(27,000 rpm, 2 h) step without further Cs 2 S0 4 gradient 
centrif ugation. The pellet was resuspended in TE 
buffer and subjected to proteinase K treatment as 
described above. Viral RNA was extracted with 
25 phenol /chloroform and precipitated by ethanol . From 10 

g of starting material, the pel'let was resuspended in 
2 00 /xl of DEPC treated H 2 0. A 1 /xl aliquot of 
extracted RNA or its 10- fold dilution series (up to 
10- 5 ) was used for reverse transcription-PCR ("RT- 
30 PCR") - 

Crude extract was treated with Proteinase K 
using the following procedure. Liquid nitrogen 
powdered grapevine bark/phloem tissue (100 mg) was 
macerated in 1 ml of virus extraction buffer (0.5 M 
35 Tris-HCl, pH 9.0, 0.01 M MgS0 4 , 4% water insoluble 
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polyvinyl pyrrolidine ("PVP40"), 0.5% bentonite, 0.2% 
2-mercaptoethanol, and 5% Triton X- 100) (Zee (1987) , 
which is hereby incorporated by reference) . After a 
brief centrifugation (5,000 rpm, 2 min) , 500 fil of 
supernatant was transferred into a new tube, adjusted 
to 100 M g/™1 proteinase K, and incubated for 1 h at 
55 o C (Kawasaki, "Sample Preparation from Blood, Cells, 
and Other Fluids," in Innis et al., eds, PCR Protocols: 
h to aT ,d Applications, Academic Press,, 

inc (1990), which is hereby incorporated by 
reference) . Following incubation, the preparation was 
boiled for 10 min to inactivate proteinase K and to 
denature the viral RNA. The upper clear phase was 
transferred into a new tube after a brief 
centrifugation. The viral RNA was precipitated with 
ethanol and resuspended in 100 M l of DEPC-treated H 2 G. 
An aliquot of 1 M l proteinase K-treated crude extract 
or its 10-fold dilution series (up to lO' 6 ) was used. 

The immuno- capture procedure was. adapted 

from the method described by Wetzel et al . , "A Highly 
Sensitive Immunocapture Polymerase Chain Reaction 
Method for Plum Pox Potyvirus Detection, « >T. Virol. 
Meth 39:27-37 (1992) ("Wetzel (1992)"), which is 
hereby incorporated by reference. A 0.5 ml thin wall 
PGR tube was coated directly with 100 M l of 10 /*g/ml 
purified gamma-globulin from GLRaV-3 antiserum (Zee 
(1987). which is hereby incorporated by reference) in 
EL-ISA coating buffer (15 mM Na 2 C0 3 ,. 35 mM NaHC0 3 , P H 
9 6 and 0.02% NaN 3 ) and incubated for 4 h at 30°C. 
After washing 3 times with PBS-Tween-20 , the antibody 
coated tube was loaded with 100 M l of crude extract 
d-1.0 or its 10 -fold dilution series, up to 10 ) 
prepared in ELISA extraction buffer (50 mM sodium 
citrate, P H 8,3, 20 mM sodium diethyldithiocarbonate 
( "DIECA" ) , 2% PVP 40K) and incubated at 30-C for 4 h. 
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Mter washing, a 25 Ml aliquot o£ transfer buffer do 
M Tris, pH 8.0, 1% Triton X-100) was added to the tube 
and vortexed thoroughly to release viral RNA. 

RT-PCR. initially, reverse transcription 
,..RT»> and polymerase ohain reaction ("PCR") were 
performed in two separate reactions. An aliquot of 20 
Bl of reverse transcription reaction mixture was 
prepared to contain 2 Ml of 10X PCR buffer (Promega) 
U0 mM Tris-HCl. pH 8.3. 500 mM KC1. andJUpi* 
gelatin, . 50 mM MgCl,. 2 Ml of 10 mM dNTP 150 ng of 5 
and 3' primers. 16 units of RNasin, 25 unrts of avran 
mV eloblastosis virus ( "AMV" ) reverse transcriptase, and 
! of a denatured sample preparation. The reverse 
transcription reaction was carried out at 3,-C for 30 
mi „ After denaturation by heating at 9S°C for 5 mxn. 
an aliquot of PCR reaction mixture was added. This PCR 
reaction mixture <S0 ,1. contained 8 ,1 of ™X K?L 
buffer (Promega) , 150 mM MgCl,. 250 ng of each 5 and 
3 primer, 1 Ml of 10 mM dNTP, and 2.5 units of Tag MA 
polymerase. The thermal cycling program was set as 
follows: a precycle at 92-C for 3 min; followed by 35 

,,..0900 i min; annealing at 

cycles of denaturation at 92 c, x mi » 

y • to or 2 5 min. The final 

50°C, 1 min; and extension at 72 C, 2.5 mm. 

extension cycle was set at 72°C for 5 min. 

Because reverse transcriptase can work under 
the PCR buffer system, combination of RT and PGR would 

e RT-PCR in a single reaction (Ali et al . , "Direct 
Detection of Hepatitis C Virus RNA in ^ Serum by Reverse 
Transcription PCR," B^^i^ «.40-42 (1993) and 
Lblet et al., "One-Step Amplification of Transcripts 
in Total RNA Using the Polymerase Chain Reaction, . 

w n.9i44 (1989), which -are 
N ucleic Ac ^" Research, 17.2144 l^o^ , 

E r . rnrnorated by reference) . The RT-PCR reaction 
hereby incorporated oy ret 

mixture of 100 M l contains 10 ^1 of 10X PCR 
dilation buffer (Promega), 200 mM MgCl,, 250 ng 
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each of primers, 3 ,1 of 10 mM dNTPs, 40 unxts of 
^asinT 25 units of AMV or moloney-murine 
Tirus ( "M-MLV" ) reverse transcriptase, 2.5. units of Ta q 
DNA polymerase, and 1 M l of denatured sample 

!laration The thermal cycling program was set as 
foiCs one cycle of cDNA synthesis step at 3,-G for 

30 min, immediately followed by the PGR cyclxng 

parameters described above. 

P Nested PGR. Inconsistent results obtaxned 

from a single round of PGR amplification prompted an 
from a s a . feasibility of Nested PCR. 

investigation xnto the f easioxin-y 
initial PGR amplification was performed with an 

fq 3 -ii0 & 92-98) (Figure 2) . A PCR 
vernal preset (9 11 * observe d fro. dsRNA 

croduct of 648 bp was consistently o 
Is template, but the expected PCR product was not 
consistently observed in samples prepared from 

"sample preparation. Conseguently . ^ „. 

amplification with an internal primer set (93 25 
to) was carried out by adding 5 ,1 of the first 

. „„iitied PCR product into a freshly 

external primer-amplif led PCR p ovo ling 
prepared 100 f.1 PCR reaction mixture. The PCR cycling 
Parameters were the same as described above. 

L -- r - - - " ,r " ^ ^ Ration. 

GLRaV-3 virus particles were purified 
directly from field collected samples of i>*«ct«a 
grapevines. Attempts to use genomic BHA for cD*A 
cloning failed due to low yield of virus particles with 
Inly partial purity (Figure 1, . However, under an 
elactron microscope, virus particles were shown^to be 
decorated by C.RaV-3 antibody. The estimated ~£ ^ 
protein molecular weight of 41K agreed with an earlier 
study (Hu (1990) . which is hereby incorporated by 
reference, . Because of low yield in virus 
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purification. dsRNA isolation was further pursued 
Based on the assumption that high Mr dsRNA (16 kb> » 
the replicative for* of the GLKaV-3 genomic R*A. thrs 
h!gn «r dsRNA was separated fro. other seller ones by 
, Electrophoresis (Figure 5, . purified from a low meltrng 

temperature agarose gel. and used for cDNA syntheses. 

^- p,. 3 - cm - s aaMli. Mmnmipr doping , and 

-Tinalvsis of r.DNA clones. 

SaaliSiS FirEt -strand cDNA was synthesized with AMV 

0 reverse transcriptase from purified 16 *b dsKKA which 

had been denatured with 10 mM MeHg- Only random 

™L were used to prime the denatured dsRNA because 
C«al othtr ctosteroviruses (BTV. CTV. and ,1YV, have 
15 Teln shown to have no polyadenylated tail on the V end 

=w =-t- al -Nucleotide Sequence of the 3 - 
SZZT£~ vellows closterovirus « Genome 
u "gue Arrangement of Eight virus Genes, Oe^nM^Z 

-J. <~ 10 av. V2 = 15-24 (1991) ("Agranovsky 

20 (1 991>"> . Agranovskyetal.. "Beet Yellows 

Closterovirus = Complete Genome Structure and 
identification of a Papain-li*e Thiol '-tease 
Vi-BlSM. 198 = 311-324 (1990) ( ■ Agranovsky (1994) ). 
Sra^T et al . . "Complete Sequence of the Citrus 
25 xrlstLa Virus RNA Genome. - visalssy. 206 . 511-520 

U99S) ("Karasev (1995. »> . Klaassen et al . . "Genome 
Structure and Phylogenetic Analysis of Lettuce 
Tnfeotious yellows- Virus. A Whitef ly-Transmitted. 
^plrtite enterovirus." JO**** 200=99-110 1995) 
30 T- Klaassen (1995, », . and Pappu et al . , "Nuoleot.de 

sequence and Organization of Eight 3- Open Readmg 
Primes of the Citrus Tristeza Closterovirus Genome." 
, iLv !99-35-46 (1994) ("Pappu (1994)"). which ar e . 
STuC- by reference, . After second-strand 
35 TdNA synthesis, the cDNA was size- fractionated on a CL- 
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npalc fractions which contained 
<p seDharose column and peaK iraon" - 
4B Sepnaro pooled and used for 

larger molecular weight cDNA were po 

cloning. An autoradiograph of this pooled cDHA 
revealed cDNA of up to 4 *b in size. A bacteriophage 
cDN A library was prepared after cloning of the 
synthesized cDNA into the cloning vector, lambda ZAPII. 

A lambda ZAPII library was prepared from 
cDN A that was synthesized with random primed reverse 
transcription of GI*aV-3 specific dsRHA. morally, 
^ite/blue color selection in IPTG/X-gal containing 
plates was used to estimate the ratio of recombination. 
There were 15.7% white plaques or an estimate of 7 X 

specific recombinants in this CNA library. 
The library was screened with probes prepared from UNI 
™ P ™ p CR -7m P lified GbRaV-3 cDNA . More than 300 clones 
tith inserts of up to 3 Kb were selected after 
Screening the cDNA library with probe prepared from 
^AMP™ PCR-amplified cU.aV-3 cDNA. In Northern blot 
hyb ridization, a probe prepared from a clone insert 
P C4 reacted strongly to the 16 kb dsRNA as well as to 
several other smaller Mr dsRNAs. Such a reaction was 
Tot observed with nucleic acids from healthy grape nor 
to dsRNA of CTV (Figure 4) . 

di~n r l s 1 - Salastisa and Car^rerl^t-lon of 
T „ r , 1 „r, r ns;'-<"» Clones 

A total of 6 X 10< plagues were 
imm unoscreened with GbRaV-3 specific 

antibody. Three c D »A clones. designated^. pCP8 .. 
a „d PCP10-1. produced proteins that reacted to the 
polyclonal antibody to GbRaV-3 (Figure 6) . G L RaV 3 
antibody specificity of the clones was further 
confirmed by their reaction to GbRaV-3 monoclonal 
antioody. PCR analysis of cloned inserts showed that 
similar size of PCR product (1.0-1.1 Kb, was cloned x: 
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each immunopositive clone (Figure 7) . However,,, 
various sizes of antibody -reacting protein were 
produced from each clone, which suggested that 
individual clones were independent and contained 
different segments of the coat protein gene (Figure 8) . 
The Mr of immunopositive fusion protein from clone 
PCP10-1 was estimated to be 50K in SDS-PAGE, which was 
greater than the native coat protein of 41K (compare 
laneV'l to~4~in Figure 8). Immunopositive protexns 
produced in clone pCP5 (Figure 8, lane 2) and pCP8 
figure 8, lane 3) were different in size and smaller 
t nan the native coat protein. Clone P CP5 produced a 
C^RaV-3 antibody-reacting protein of 29K. Clone pCP8- 
4 however, produced an antibody- reacted protein of 
2 ; K . Similar banding patterns were observed when 
either polyclonal (Figure 8 A) or monoclonal (Fxgure 8 
B). antibodies were used in Western blots. These 
results further substantiated the proposition that 
th ese cDNA clones contained coding sequences of the- 
GLRaV-3 coat protein .gene . 

Hu^eotldg — and Testification of 



rvample 5 



mat nene 

Both strands of the three immunoposxtive 
clones were sequenced at least twice. A multiple 
sequence alignment of these three clones overlapped and 
contained an incomplete ORF lacKing the 3- termxnal ^ 
sequence region. .The complete sequence of thxs ORF was 
obtained by sequencing an additional clone. pA6-8, 
Tich was selected by using the clone walking strategy. 
The complete ORF potentially encoded a protexn of . 313 
amino acids with a calculated Mr of 34.866 (p35) 
figures , and 10, . Because this ORF was derived from 
three independent clones after screening with GbRaV-3 
coat protein specific antibody, it was identxfxed as 
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the coat protein gene of GLRaV-3. A multiple amino 
acid sequence alignment of P 35 with the coat proteins 
of other enteroviruses, including BYV, CTV, and LIYV. 
is presented in Figure 11. The typical consensus amino 
acid residues (8. R. and D) of the coat proteins of the 
filamentous plant viruses (Dolja et al.. -FlW of . 
Capsid Proteins of Rod-Shaped and Filamentous RNA Plant 
Viruses Two Families with Distinct Patterns of Sequence 
and Probably Structure Conservation," Virology , 184:79- 
86 (199D ("Dolja (1991)"), which is hereby 
incorporated by reference) , which may be involved in 
salt bridge formation and the proper foldxng of the 
sait wij- » , t n "Coat Protein 

most conserved core region (Boyko et al . , <-o 
Gene Duplication in a Filamentous RNA Virus of Plants, 
^Lj^l^^i^i^' 89:9X56-9X60 (1992) 
T^oyko (1992)-). which is hereby incorporated by 
reference), were also. preserved in the P 35. 
Phylogenetic analysis of the GliRaV-3 coat protein amxno 
acid sequence with respect to the other filamentous 
plant viruses placed GLRaV-3 into a separate but 
closely related branch of. the closterovirus (Figure 
12 ) Direct sequence comparison of GL.RaV-3 coat 
protein with respect to other closterovirus coat 
Proteins or their diverged copies by the GCG Pileup 
Program demonstrated that at the nucleotide level 
GLRaV-3 had its highest homology to BYV (41.5%) and CTV 
UoI%). At the amino acid level, however, the highest 

were to the diverged copies of 
•ne^centage similarity were t<~> = 

coat protein, with 23.5% identity (46.5% similarity) to 
C T V P26 and 22.6% (44.3% similarity) to BYV P 24 . 

E2£am Ble fi - Tdent i fi ction of a_ P a ssikle ront. I Protein , 
T yana i a tio" TnHtiation Site , 

2£ - Various sizes of GLRaV-3 specific antibody- 
reacted proteins were produced by three immunopositive 
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clones in «. coli (Figure 8) . Sequences of these 

:i:L s OTerl a^ and encoded a co-on CRP that was 

Identified as the coat protein gene (Figure 9) , In 

starching for possible translation regulatory elements, 
searchxng P ^ ^ co( ^ ng reglon 

S Hurlne rich sequence . «M>- .««■ 
To N o. 2«. which was si.iiar to the Shine -Dalgarno 
seouence (uppercase letters) (Shine et al . . The 3 
sequence ( PP Esoherichla Coli X6S Ribosomal 

n linearity to —se Triplets and Riboson-e 
RNA: Complementarity to 71-1342- 
„• qites " Pros Wat- ^SSd §£3 U.S.A. 71.13*^ 
Binding Sites, 

1346 (1974), which is hereby incorporated by 

"eference, . upstream fro* the coat protein initiation 

stce (AUG . This purine rich sequence may serve as an 

site i^' h translation of 

alternative ribosome entry site t 

!L GLRaV - 3 coat protein gene in E. colx. If this 

f irst Z L the ORP was to serve for the actual coat 

first a ribosomal entry site must be 

^vnt-pin translation, une 

^^-rr-m ms= = ;Lt 

tit fusion prote/n was .ade fro™ the ,-ter.inal portion 

of coat protein and c-terminal portion of 0- 

of coat pro FurChe r analysis of sequence 

gaiactosidas ^ initiation codon o£ the coat 

around the , consensus sequence (-GnnATJfiG-) 

protein gene revealed euc aryotic mRNAs (Kozak. 

that favored the expression of eucaryo 

that ta lnitiati on of Protein Synthesis in 

"Comparison of Initiation u ,,«,.. 

Eucarvotes, and Organelles , 
Procaryotes , Eucaryo . k 

initiator Codon that Modulates Translation by 
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EuXaryotic Ribosomes." aU, 44:283-292 (1986, . .which 
are hereby incorporated by reference). - _ 

Nucleotide sequence analysis of three 
immunopositive clones revealed overlapping sequences 
7an o« that covers about 96* of the estreated coat 
"otein gene (Figure 9, . The complete CRT was obtained 
after sequencing of an additional clone ( P A6-8> that 
was selected-by the clone walking strategy. 
Z ntification of this ORF as the coat protein gene was 
Verification . ± to GLRa V-3 polyclonal 

u aqe d upon its immunoreact.ivj.ujr 

based upo ^ywKes the presence of filamentous 

and monoclonal antibodies, tne px 

virus coat protein consensus amino acid residues (S, R, 
an d D , . and the identif ication . 

^ =r,<! PAGE (41K) . This discrepancy in 
estimated on SDS-PAGE ium 

Molecular weight between computer-calculated and SDS 
estLatea falls in the expected range. However 
atrect evidence by micro-sequencing of the H-terminal 
to" protein sequence was not possible due to the 
difficulties in obtaining sufficient amounts of 

purified ^-- estimated coat proCein Mr of GI.RaV-3 and 
» -losterovirus-like designated GLRaV-l are 
another a"^' 1 !™^ prote i„ range reported for 
larger than the 22-28* coctu v 
otler well characterised enteroviruses. 

„w noqi) • Bar- Joseph et al., 
rTV an d LIYV (Agranovsky d^ 1 ' ' 

CTV, and 1.x s cmi /aAB No. 260 (1982), Klaassen. 

enteroviruses," CM I / AAB « 

. ,1- -Partial Characterization of the Lettuce 
/ ^Yellows Virus Genomic RNAs , Identification 

rhe^Coat Pr^eln -e and Comparison of its Amino 
I id Seance with Those of Other Filamentous^ Plant 

Viruses," O^l-^-^^ 
(1994) . (Martelli et al . , "Closterovirus , 
exsiccation and Nomenclature of Viruses, Fifth 
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Report of the International Committee on Taxonomy of 
IJixu es ," in ftrchjg^g of Virology Suppl ementum 2 , 
Martelli et al., eds., New York: Springer -Ver lag Wein, 
pp 345-347 (1991) ( "Martelli (1991) ■), and Sekiya et 
al "Molecular Cloning and Nucleotide Sequencing of 
the' Coat Protein Gene of. Citrus Tristeza Virus," 
T^,-, of General Virology, 72:1013-1020 (1991), which 
are hereby incorporated by reference) . Hu (1990) , 
which is hereby incorporated by reference, suggested a 
possible coat protein dimer. Our sequence data, 
however, do not support this suggestion. Fxrst, the 
size of the coat protein is only 35K, which xs smaller 
than what would be. expected as a coat protein dimer. 
Second, a multiple sequence alignment of N-termxnal 
half and C-terminal half of GLRaV-3 coat protexn wxth 
the coat proteins of other closteroviruses showed that 
the filamentous virus coat protein consensus amino acxd 
residues (S, R, and D) are only present in >he C- 
terminal portion, but not in the N-termxnal portxon of 
the coat protein. 

Primers were selected based on the 
nucleotide sequence of clone P C4 that had been shown to 
hybridize to GLRaV-3 dsRNAs on a Northern hybridation 
(Figure 4) . The 648 bp sequence amplified by PCR was 
identified as nucleotides 9.364 to .10.011 of the 
incomplete GLRaV-3 genome (Figure 16, . Thrs sequence 
fragment encodes a short peptide which shows -~» 
' degree of amino acid sequence similarity to heat shock 
protein 90 (HSP90, homologues of other enteroviruses, 
BYV CTV. and 1.IYV (Figure 3) . Two sets of primer 
silences and their designations (external, 93-110 . 
92 96, and internal, 93-25 * 93-40, are shown in Figure 
.2 Effectiveness of synthesized primers to amplify the 



- 68 



ejected PC* product was first evaluated on its - 
"espectiva cDHA done. pC4 (Figure 13. lane 



p^ample g " UKV b£ - 

Sa!SElS-2^Earati2Q- _ d in a rt- 

Initially, purified dsRNA wa 
. • . Expected size of PCR product of 219 bp 
PCR ^^^1^^ with the internal set of 
was consistently whether or not 

l^erlvedTrom C^3 specific dsRNA 
these primer 'J**™^ Q^RaV-3 genome sequence. >» 
sequence .» "> fa " Duri£ie d virus preparation was 

extracted from a pcR products with 

deluded in an assay M expe^ ln clone d plasmid 
similar size (219 bp) _ w _ lane 

DHfi ,pC4, < F ^~ ^^Iral H»a (Figure 13. lane ,, . 
10 ) as well as purine f±rst 
Thi s PC* result was as i ^ 

evidence to suggest that dsR»^ ^ ^ GLRaV _ 

infected tissue may actually b £rom the 

3 -r.-^^" 2 ^-"-^ to be f used 

purified virus pro p urther simplification of 

~r£^S"~ -rpossihla by using viral 
sample par tially purified virus 

extracted from «P puri £iad virus preparation 

pr eparation. This RT . PCR (Fig ure 13, . 

uas again shown to be e££< ~" evaluated with 10- 

Sensitivity of KT-PCR was furthex ■ ^ 
£o id serial dilution up » ^ ly puri£ied 

expected ~ ^^^JL. up to the 10-' 
virus preparatxon Although RT-ECR was 

di lutio, > (Figure 13 . lane ^ purif ie<J ^ 
shown again to w pr eparation was 

. preparations, this metno rout ine disease 

Ts to directly use 

diagnosis . HOWevcJ * ' 
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crude extract for RT-PCR were unsuccessful. Proteinase 
K-treated crude extract was by far the most simple and 
still effective for RT-PCR. Therefore, the proteinase 
K.treated crude extract was used to evaluate RT-PCR for 
its ability to detect GLRaV-3. 

-w-ra-mple-.P - RT-PCR 

With proteinase K-treated crude extract 
prepared from scraped phloem tissue collected from a 
typical leaf roll infected vine (Doolittle's vineyard, 
New York) , a PCR product of 219 bp was readily 
observable. However, application of this sample 
preparation method to test other, field collected 
samples (USDA, PGRU, Geneva, NY) was disappointing. 
With different batches of sample preparations, a range 
of 3 to 10 out of 12 ELISA positive samples were shown 
to have the expected PCR products. To determine 
whether or not. these inconsistent results were due to 
some kinds of enzyme (reverse transcriptase or Tag DNA 
polymerase) inhibition presented in the proteinase It- 
treated crude extract, increasing amounts of a sample 
were added into an aliguot of 100 pi PCR reaction 
mi xture. Figure 14 shows that PCR products of 219 bp 
were readily observed from samples of 0.1 ^ (lane 1) 
and 1 Ml dane 2) but not from 10 /xl d^ne 3> • 
Presumably, sufficient amount of enzyme inhibitors was 
present in the 10 »1 of this sample. 

p.^^ pi^ in - imm """-^Pture RT-PCR 

' The immuno-capture method further simplified 

sample preparation by directly using crude extracts 
that were prepared in the standard ELISA extraction 
buf fer. immuno-capture RT-PCR (»IC RT-PCR") tests were 
initially performed with the internal primer set, and 
the expected PCR product of 219 bp was observable from 
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leaf roll infected sample. However, using 
a -typical- 1-eatroiJ. u collected 

thi8 pck methoa to test ^^^ ults were again 

ELISA positive sabres. « ^ ^ 

experienced . In « ~- collected 

^r^-e 1 sables ware shown to a^V «- 

-ni^h^^ 

Meanwhile, the expe 

— d in as*** -f^d in h ea lth y control 

» . HaLT xn this case. ^, the 
(Figure xd , C(=T _, a v,le in a sample 

pcr nroduct Was not observaoxe 
expected PCR proou ed crude extract (Figure 

prepared by proteinase K-treatea 

15 a, lane 8) . 

^^f^^ above, inconsistency «* RT-PCR 

aisease diagnoses a « = ^ ^ _ 

is aesirable. Thus, th p rod uct of 648 bp 

introduced. Although an expacte P external 

primer set was with the interna! primer 

. nested PCR a ^ ll£lCa "°; cR product „ a s consistently 
S et. the expected £J sa mples~ (Figure 

observed fro. f ^ were al so observed 
1S b) . These similar pr _ ^ ^ 

either * extract (Figure IS B. Xane 

proteinase K-treate control (Figure 15 B. 

8) but. again, not rn a o£ Nesced PCR 

la ne 9, • TO ^"-^^^"rteLase K-treated or 
„ith samples P"*"ed sr *y P PCR and ELISA were 

by immuno-capture methods, 
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performed simultaneously with samples prepared, from a 
To fold dilution series. The sensitivity of "Nested PCR 
was shown to be 10-* in proteinase K-treated crude 
extraot (Figure 16 A), and was more than 10 (the 
hichest dilution point in this test) in an immune- 
oapture preparation (Figure 16 B, . With similar sample 
preparations , sensitivity for ELISA was only 10 • . . 

To determine whether or not the PCR based 
GI *aV-3 detection method described in this study has a 

\ .1 practical implication for grapevine leafroll 
pot en C1 al practxca! P „ ent wlth plants 

disease diagnosis, <* vol - i - . . 

Characterized thoroughly by ELISA and indexing is 
lecessary. Several grapevines collected at USDA-PGRU 
ft TeneX New YorK that have been well charactered 
. t 3 -year biological indexing and by ELISA were 

selected for validation tests. A perfect correlation 
Tas observed between ELISA positive and PCR positive 
Temples, although there was some discrepancy over 
indexing which suggested that other types of 
indexing involved in the grapevine 

closteroviruses may also oe 

leafroll disease (Table 2) . 



Accession # ELISA 



RT-PCR Indexing 



1 
2 
3 
4 
5 
6 
7 

8 • 
9 

10 
11 
12 
13 
14 



476 .01 
447-01 
123 .01 
387 .01 
80.01 
244 . 01 
441.01 
510.01 
536.01 
572.01 
468.01 
382.01 
NY1 

Healthy 



1.424 (+) 
0.970 (+) 
1.101 (+) 
>1.965(+) 
>2.020 (+) 
>2.000 (+) 
>2.000 (+) 
0.857 (+) 
0.561 (+) 
>2 .000 (+) 
>2 .000 (+) 
>2 .000 (+) 
0.656 (+) 
0.002 (-) 



+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 



+ 
+ 



+ 
+ 



, , . . rgnresen t positive and ne gative reactions, 

Plui" HI and M^nus (- ) P ^ at was at least twice higher 

hlffihy contrS^and SorTthan 0.X00 was regarded as 
positive. 

PGR technology has been applied to detect 
viruses, viroids and phytoplasmas in the field of plant 
ethology (bevy et al., "Simple and Rapid Preparation 
^Infected plant Tissue Extracts for PCR Amplification 
of Virus, Viroid and MLO Nucleic Acids," Opurnal^f 

v. ^ .10.995-304 (1994), which is hereby 
^naical Metho ds, 49:29.5 304 n» 

•^^~ra7ed by ref erence) . However because of the 
presence of enzyme inhibitors (reverse transcriptase 
and/or Tag DNA polymerase) in many plant tissues, a 
and/or q _ ced ure is usually required 

lengthy and complicated pro 

-i _ pcr In studies of pgr 

to prepare a sample for p<~k. xh 

. ^ far . 1pa f virus, Rowhani et al . , 
detection of grapevine faniear viru. , 

dececti » Chain Reaction Technique 

-Development of a Polymerase cnam 
for the Detection of Grapevine Fanleaf Vxrus in 
Grapevine Tissue," Phyt^tholpgy, 83:749-753 (19 3) 
ZZl is hereby incorporated by reference, have already 
w is * inhibitory phenomenon. Substances 

observed an enzyme inhibitory p 

such as phenolic compounds and polysaccharides in 
; r a P evine tissues were suggested to be involved in 
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enzyme inhibition. Present work further confirmed thx. 
observation. One of the objectives in the present. . 
study was to develop a sound practical procedure of 

Je preparation to eliminate this inhibrtory pr ob l em 
for PCR detection of GLRaV-3 in grapevine trssues. 
Although the expected PCR product was consistently 
observed fro™ samples of dsRKA. purified virus and 
partial purified virus, proteinase K-treated crude 
extract and immuno-capture methods were the simplest 
and were still effective. Samples prepared with 
oroteinase K-treated crude extract have an advantage 
over others in that hazardous organic solvents, such as 
pfcenol and- chloroform, are avoided. HoWever care must 
he taken in the sample concentration because the 
taction can be inhibited by adding too much grapevrn* 
tissue (see lane 3 in Figure !4> . Minafra et al.. 
-sensitive Detection of Grapevine Virus A, B. or 
^afroll-Associated III from Villiferous Mealybugs and 
infected Tissue by cDNA Amplification. « ™al_oi 
^ l23isaLi3££h2ds . 47.17S.xa8 (19>.) C-Hrnafra. 
^7^77^-^TThereby incorporated by reference. 

.Lrted the successful PCR detection of grapevrne 
"rus T grapevine virus B, and GbRaV-3 with crude saps 
^ from infected grapevine tissues, this method . 
of sample preparation was. hoWever not 

th e present study. The similar prrmers used by Mrnafra 
assl . which is hereby incorporated by R 
Tere. however, able to amplify oflllavV 
products from dsRNA of the NY1 isolate of GI*aV 3 . 
P immuno-capture is another simple and 

efficient method of sample preparation .^«^»« ' 

hich is hereby incorporated by reference) . First , 
crude ELISA extracts can be used directly for RT-PC^ 
c L it provides not only a definitive answer, but 

atso vz « • — — *• ™^ 
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with an immune-capture step, virus particles are 
trapped by an antibody, and inhibitory substances may 
be washed away. Nested PGR with samples prepared by 
the immuno-capture method is 10' times more sensitive 
than with samples prepared by proteinase K- treated 
crude extract. However, this approach requires a virus 
specific antibody. For some newly discovered or hard 
to purify viruses, a virus specific antibody might not 
be always available. More specifically, there are at 
least six serologically distinctive closteroviruses 
associated with grapevine leaf roll disease (Boscia 
(199 5)>, which is hereby incorporated by reference) . 

gxajs Blg 13 - Nucleg£idji Segueng g and Open Reading 
frames 

A lambda ZAP I I library was prepared from 
cDNA that was synthesized with random primed, ' reverse 
transcription of GLiRaV- 3 specific dsRNA. Initially, 
white/blue color selection in IPTG/X-gal containing 
plates was used to estimate the ratio of recombmation. 
There were 15.7% white plaques or an estimate of 7 X 
10 « GLRaV-3 specific recombinants in this cDNA library 
The library was screened with probes prepared from UNI- 
AMP™ PCR- amplified GLRaV-3 cDNA. More" than 300 clones 
with inserts of up to 3 kb were selected after 
screening the cDNA library with probe prepared from 
UNI-AMP- PCR-amplified GLRaV-3 cDNA. In Northern blot 
hybridization, a probe prepared from a clone insert, 
PC4 reacted strongly to the 16 kb dsRNA as well as to 
several other smaller Mr dsRNAs . Such a reaction was 
not observed with nucleic acids from healthy grape nor 

to dsRNA of CTV (Figure 4) . - , . 

Sequencing work began with clone pB3-l that 
was selected after screening the library with HSP70 
degenerated primer (5'G-G-I-G-G-I-G-G-I-A-C-I-T-T-Y-G- 
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A _y-G-T-I-T-C-I (SEQ. ID. Ho. 25)). Other clones that 
we re chosen for nucleotide sequencing were-selected by 
the clone walking strategy. The nucleotide sequencxng 
strategy employed was based on terminal sequencxng of 
^andom^elected clones assisted with GCG fragment 
Leembly program to assemble and extend the sequence 
contig. The step-by-step primer extensxon method was 
used to sequence the internal region of a selected 
clone. A total of 54 clones were selected for 
sequencing. Among them. 16 clones were completely 
sequenced on both DMA strands (Figure 17) . 

A total of 15.227 nucleotides were sequenced 
so far (Figure 18) . which potentially encompass nine 
open reading frames (ORFs) (Figure 19) . designated as 
ORFs la. lb. and 2 to 8 . The sequenced regxon was 
estimated to cover about 80* of the complete GI.RaV-3 
!!nome Major genetic components, such as helxcase 
^RF xa, . RdFp (ORF lb) . HSP70 homologue (OFF 4). HSP90 
homologue (OFF 5) and coat protein (OFF 6) were 
identified.^ ^ was an Complete OFF from which the 
5 . terminal portion has yet to be cloned and sequenced. 
The sequenced region presented in Figures 18 and 19 
IsPres^ts approximately two-thirds of the expected ORF 
17 as compared to the ORF la from BYV. CTV. and I.IYV. 
The partial ORF la was terminated by the UGA stop codon 
at positions 4.165-4.167; the respective product 
-consisted of X.388 amino acid residues and had a 
aaduced Mr of 148.603. Database searching xndxcated 
that the C-terminal portion of this protexn shared 
significant similarity with the Superfamily 1 balxcase 
of positive-strand RNA viruses. Comparxson of the. 
conserved domain region (291 amino acids) showed a 
38.4* identity with an additional 19 7* 
Ltween GbRaV-3 and BW and a 32.4V identxty wxth an 
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additional 21.1% similarity between GbRaV-3 and .LIW 
(Table 3) . Six helicase conserved motifs, of 
superbly 1 helicase of positive-strand RHA viruses 
(Hodgman. "A New Superfamily of Replicative Proteins. 
Nature 333=22-23 (Erratum S78) (1988) and Koonin et 
^Evolution and Taxonomy of Positive-Strand RKA 
Viruses: implications of Comparative Analysis of Amino 
Acid Sequences." rritjo,! R-vjewr ( n Floral try and 
^ l££ttl ^_ Eiel2ai , 28,375-430 (19,3), which are hereby 
^^T^Teference, were also retained in GLRaV 
3 (Figure 20) . Analysis of the phylogenetxc 
rel ationship in helicase domains between GLRaV-3 and 
th e other positive-strand R»A viruses ?*>»*™~™ 
along with the other enteroviruses, including BYV. 
CT V, and WW, into the "tobamo" branch of the 
alphavirus-like supergroup (Figure 21) . 
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Table 3 



■ I«r HSP70 HSP90 CP 

Helicase RdRp p5K 

aa nt aa nt aa nt aa 



Virus nt aa nt aa nt 

5 



15 



20 



BYV 


37.7 


38.4 
(58.1) 


44.5 


412 
(61.0) 


42.0 


30.4 
(47.8) 


43.5 


28.6 
(48.0) 


40.5 


21.7 
(51.0) 


41.5 


203 
(43.7) 


cry 


45.3- 


363- 

(552) 


44.0 


40.1 
(622) 


42.8 


20.0 
(48.9) 


43.7 


28.7 
(49.3) 


38.6 


17.5 
(43.5) 


40.3 


20.5 
(41.9) 


LIYV 


44.9 


32.4 
(53.5) 


462 


35.9 
(56.4) 


45.8 


17.9 
(462) 


43.9 


282 
(46.9) 


39.3 


16.7 
(36.8) 


36.3 


17.8 
(41.1) 



Nucleotide ("nt") and amino acw » « > aligning with the 
" as calculated from P^J^™^ in parentheses ale the 
GCG program GAP; the percentages which employs a 

percentages calculated by the gap p^ conservation of amino 
matching table based on ^^^e^nsive Set of Sequence 
acids (Devereux et al.. ;^° mP Nucleic Acids Res. . 12:387- 
Analysis Programs f° r .^J b y incorporated by reference) . The 

TJST. ^Sch airSerSy licorpirated by reference. 



30 



35 



40 



ORF lb overlapped the last 113 nucleotides of 
ORF la and terminated at the UAG codon at positions 5780 
to 5782. This ORF encoded a protein of 536 amino acid 
residues, counting from the first methionine codon and 
had a calculated Mr of 61,050 (Figures 18 and 19) . 
Database screening of this protein revealed a 
significant similarity to the Supergroup 3 RdRp of the 
positive-strand RNA viruses. Sequence comparison of 
GLRaV-3 with BYV, LIYV, and CTV over a 313-amino acid 
sequence fragment revealed a striking amino acid 
sequen a eiaht conserved motifs (Figure 

sequence similarity among eigne c 

22) The best alignment was with BYV, with 41.2, 
identity and 19.8% additional similarity while the least 
identity identity and 20.5% 

alignment was with LIYV, wicn ^ 
additional similarity (Table 3). Analysis of 
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phy lcgenetic relationships of the RdRp domains of the 
alphavirus-like supergroup viruses again placed GLRaV-3 
into a "tobamo" branch along with other 

. BYV CTV, BYSV, and LIYV (Figure 23). 

closteroviruses, bxv, v.iv, » 

Publications on BYV, CTV. and LIYV have 
proposed that ORF lb is expressed via a ♦! riboeomal 
frameshift (Agranovsxy (MM). Dolja et al . . 
Biology and Evolution of closteroviruses-. Sophisticated 
Build-up of Large RHA Genomes." &BDIiaJ Review of 
Eh ^ 2B3ibslsa ^. 32 = 261-285 (1994) CDolja 
^rasev (1995) . and Klaassen (1995). which are hereby 
incorporated by reference, . Direct nucleotide sequence 
comparison was performed within the ORFla/lb overlap of 
GLRaV-3 with respect to BYV. CTV. or LIYV. An 
apparently significant similarity was observed only to 
t IYV (Figure 24), and not to BYV or CTV. The so-called 
■•slippery" GGGUUU sequence and the stem-and-loop 
structure that were proposed to be involved in the BYV 
frameshift was absent from the GLRaV-3 ORFla/lb overlap. 
The frameshift within the GLRaV-3 ORF la/lb overlap was 
selected based on an inspection of the C-termmal 

portion of the helicase alignment and the 
portion of the RdRp alignment between GLRaV-3 and LIYV 
figure 24) . The GLRaV-3 'ORF la/lb frameshift was ^ 
predicted to occur in the homologous region of the LIYV 
genome, and was also preceded by a repeat sequence 
!gcTT) (Figure 24) . Unlike LIYV, this repeat sequence 
waS not a tandem repeat, and was separated by one 
nucleotide (T) in GLRaV-3. The frameshift was predicteo 
to occur at CACA (from His to Thr) in GLRaV-3 rather 
tnan slippery sequence AAAG in LIYV. However ^ 
additional experiments on in vitro expression -of GLRaV 3 
genomic RNA are needed in order to determine whether or 
not a large fusion protein is actually produced. 




- 79 - 



ORF 2 potentially encoded a small peptide of 
51 amino acids with a calculated Mr of 5,927. Database 
searching did not reveal any obvious protein matches 
within the existing Genbank (Release 84.0). 

Intergenic regions of 220 bp between ORF lb 
and ORF 2 and 1,065 bp between ORF 2 and ORF 3 were 
identified. There is no counterpart in BYV or LIYV 
genomes; instead, an ORF of 33K in CTV (Karasev et al . , 
-Screening of the Closterovirus Genome by Degenerate 
Primer-Mediated Polymerase Chain Reaction, » Journal of 
SsaSEaj virology. 75:1415-1422 (1994), which is hereby 
incorporated by reference) or 32K in LIYV (Klaassen 
(1995) , which is hereby incorporated by reference) is 
observed over this similar region. 

ORF 3 encoded a small peptide of 45 amino 
acids with a calculated Mr of 5,090 ( P 5K) . Database 
searching revealed that it was most closely related to 
the small hydrophobic, transmembrane proteins of BYV 
(6 4K). CTV (6K), and LIYV (5K) (Fig 25) . Individual 
comparison (Table 3) showed that LIYV was its most close 
relative (45.8%) at the nucleotide level and BYV was the 
most homologous (30.4%) at the amino acid level. 

ORF 4 potentially encoded a protein of 54 9 
amino acids with a calculated Mr of 59,113 (p59) 
(Figures 18 and 19) . Database screening revealed a 
significant similarity to the HSP70 family, the p65. 
protein of BYV, the p65 protein of CTV, and the p62 
protein of LIYV. A multiple amino, acid sequence 
alignment of GLRaV-3 p59 with HSP70 analogs of other 
closteroviruses showed a striking sequence similarity 
among eight conserved motifs (A-H) (Figure 26) . 
Functionally important motifs (A-C) that are • 
characteristic of all proteins containing the ATPase 
domain of the HSP7 0 type (Bork et al . , "An ATPase Domain 
Common to Prokaryotic Cell Cycle Proteins , Sugar 
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Kinases. Actin. and HSP70 Heat Shock Proteins. " Ex^ 
^j^Ui^JU^, 89=7290-7294 (1992,. which is 

GbRaV-3 pS9 (Figure 26) , which suggested that this HSP70 
otaperon-like protein may also possess ATPase activity 
o^ts "terminal domain and protein-protein interaction 
on its C-terminal domain <DO«a (1994 > . which is hereby 
■ „™„ted bv reference) . Analysis of the 
IwioTenetlc relationship of pS9«of G!*aV-3 with HSP70- 
«lat!d proteins of other enteroviruses ,BYV. CTV. and 
BYSV) and cellular HSP70S again placed the four 
enteroviruses together and the rest of the cellular 
f SP f 0 : r : n the other branches (Figure 27, 

several closterovirus HSP70-related proteins are closely 
Elated to each other and distant from other cellular 

of this family, inspection of the phylogenetic 
«ee (Figure 27) suggested that GLRaV-3 may be an 
ancestral closterovirus relatively early in evolution as 
rredicted by Bolja (1994, . which is hereby incorporated 
Z reference, because GL*aV-3 was placed in between 
by reterenc cellular HSP70 members, 

enteroviruses and the other cenuj. 

ORF 5 encoded a protein of 483 amino acids 
wit h a calculated Mr of 54.852 ( P 55, (Figures 18 and 
19, - significant sequence homology with other 
Steins was observed in the current database (OenBanK. 

Please m o, " f^cT^^-^ - "™ 
^se* revealed some degree of amino acid 
se^ence similarity, with 21.7. to Byv. 17.5, to CTV. 

TZ 7* to LIYV, respectively (Table 3. Figure 28) . 
£ conserved regions of HSP90 previously "~ 
Z and CTV (Pappu (1994). which is 
b y reference, were identified in the p55 of GLRaV 

(Figure 28) . 
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The data in this ORF has been extensively 
aeecribed. ORF 6 encoded a protein of 3X3 amino acids 

171 calculated Mr of 34.866 <p3S> (Figures 18 and 
; 9 ) Tne fact that this ORF was encoded by three 
"InaP^, ObRaV-3 ^positive -nes suggests that 
it may contain the coat protern g ene o ^ 
Alignment of the product of ORF 6 «w J 
BYV CTV, and LIYV, is presented in Figure 11- The 

=.mino acid residues (S, R, and D) of 
evoical consensus ammo acia ie 

^e coat protein of the filamentous plant viruses (Dol 3 a 
^; 9i r which is hereby incorporated by reference, 

, wi bridge formation and the 

WhlCh TZLZZ The conned core region (Boyfco 

^/^ch^hereby incorporated by reference- . were 
iiL retained in the p3S .Figure - « -ual 

(2 " 5 : > 17 Analysis of phylogenetic relationships 

LIYV (17.8c). ^ y . viruses placed GLRaV-3 into 

with other filamentous plant viruses p 
. I separate, but a closely related branch of 
rlosteroviruses (Figure 12). 

ORF 7 encoded a protein of 477 ammo acxds 
• th a calculated Mr of 53.104 (p53> (Figures 18 and 
I; Based on the presence of conserved amino acrd 
seances, this protein is designated as grapevme 
W»U coat --Ur^rnlif ied polypeptide 
haying . ^ 7T ;*Z:\:^^ peptide 
— ' polypeptide 
havlng a calculated^ - polypeptide 
having a calculated Mr of 6.963 ( P 7, . 
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In the present study, many GLRaV-3 dsRNA 
specific cDNA clones were, identified using a probe 
generated from UNI -AMP™ PCR-amplif ied cDNA. Using 
UNI -AMP™ adapters and primers (Glontech) in PGR has 
several advantages. First, it is not necessary to know 
the nucleotide sequence of an amplified fragment. 
Second, cDNA can be amplified in sufficient amounts for 
specific probe preparation. In general, cDNA amplified 
by PCR using UNI -AMP™ primers and adapters could be used 
for cloning as well as a probe for screening of cDNA 
libraries. However, low abundance of the starting 
material and many cycles of PCR amplification often 
incorporate errors into the nucleotide sequence 
(Keohavong et al . , "Fidelity of DNA Polymerases in DNA 
Amplification," Pmr Natl. Acad «H ■ U.S.A. , 86:9253- 
9257 (1989) and Saiki et al . , "Primer-Directed Enzymatic 
Amplification of DNA with a Thermostable DNA 
Polymerase," Science, 239:487-491 (1988), which are 
hereby incorporated by reference) . In the present 
study, only UNI-AMP™ PCR amplified cDNA was used as a 
probe for screening. The cDNA library was generated by 
direct cloning of the cDNA that was synthesized by AMV 
reverse transcriptase. Therefore, the cDNA cloned 
inserts are believed to more accurately reflect the 
actual sequence of the dsRNA and the genomic RNA of 
GLRaV-3 . 

A total of 15,227 nucleotides or about 80* of 
the estimated 16 kb GDRaV-3 dsRNA was cloned and 
sequenced. Identification of this sequence fragment as 
the GLRaV-3 genome was based on its sequence alignment 
with the coat protein gene of GLRaV-3 This is the 
first direct evidence showing that high molecular weight 
dsRNA (-16 kb) isolated from GLRaV-3 infected vines is 
derived from GLRaV-3 genomic RNA. Based upon the nme 
ORFs identified, the genome organization of GLRaV-3 
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bears significant similarity to the other 
closteroviruses sequenced (BYV, CTV, and LIYV) - 

(Figure 19) . 

Dolja (1994) , which is hereby incorporated by 
reference, divided the closterovirus genome into four 
modules. For GLRaV- 3, the 5' accessory module including 
protease and vector transmission factor is yet to be 
identified. The core module, including key domains in 
RNA replication machinery (MET-HEL-RdRp) that is 
conserved throughout the alphavirus supergroup, has been 
revealed in parts of the HEL and RdRp domains. The MET 
domain has not yet been identified for GLRaV -3 . The 
chaperon module, including three ORFs coding for the 
small transmembrane protein, the HSP70 homologue, and 
the distantly related HSP90 homologue, has been fully 
sequenced. The last module includes coat protein and 
its possible diverged copy and is also preserved in 
GLRaV -3 . Overall similarity of the genome organization 
of GLRaV- 3 with other closteroviruses further support 
the inclusion of GLRaV - 3 as a member of closteroviruses 
(Hu (1990) and Martelli (1991), which are hereby 
incorporated by reference) . However, observation of a 
ambisense gene on its 3' terminal region may separate 
GLRaV- 3 from other closteroviruses. Further comparative 
sequence analysis (Table 3) as well as phylogenetic 
observation of GLRaV -3 with respect to other 
closteroviruses over the entire genome sequence region 
suggested that GLRaV- 3 is most closely related to BYV, 
followed by CTV, and LIYV. 

As suggested by others (Agranovsky (1994) , 
Dolja (1994), Karasev (1995), and Klaassen (1995), which 
are hereby incorporated by reference) , expression of ORF 
lb in closteroviruses may be via a +1 ribosomal 
frameshift mechanism. In GLRaV- 3 , a potential 
translation frameshift of ORF lb could make a fusion 
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«- of over 1,926 amino acid residues with 
HEL-RdRp protein of over 1,^ 

a capacity to encode a protein of more than 210K 
I Native study of GLRaV-3 with respect to other 
Comparative study over lap revealed a 

i^efproviruses over the OR* wau ^ 
"Xirsequence similarity to LIYV. out not to BYV 
'* « wlso-called slippery sequence ana 
r^oTp ana pseuaoKnot structures "^atefbT 
(Rg ranovsky (1994) . which is hereby mcorporated by 
reference, is not present in GLRaV-3. Thus, a 
" am eshift mechanism that is similar to HYV may be 
framesni R H owever, protein analysis xs 

^ary In to determine the protein encoding 

capacities^these ^ ^ ^ ^ ^ 

extra ORF (ORF 2, in between RuRp (ORF Xb) ana the small 
extra u» potentially encoding a 

™ m \TZl JZ respectively. However. inCRaV- 
f^e L Job seller ORP a <7K, followed by a lon g 
3, there is nucleotide 

r;= g r/rai°t f ion;r:io p nes — may 

. „ rpRO i ve this discrepancy, 
be necessary to resolve t viruses described, 

So far, among all plane 
tn e HSP70 related gene is present only in the 
enteroviruses (Dolja (1994) , which is hereby 
clostero , identif ication of the 

incorporated by reference)^ ^ assumption that this 

GLRaV-3 HSP70 gene was based on an assu p 

should also be present in the closterovirus 
g ene should also b P .disease, specifically 

associated with grapevine xe H SP70- 
GL *aV-3. Thus. = DNA ^Xones that r a t= d 

-rr d T :ri:inti;i a r tl—* -, s *. 

analyse. The rdent ualking me th6dology . 

sequencing was based on the ge enabled 
However, identification of -unoposit, GIjRaV _3 and 
identification of the coat protein gene of Gl^aV 
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pro ved that the ROTO- containing sequence fragment is 

„ to be a virus replicative form (Hu (1990) . which 
r 8 TrU incorporated by reference, . Identification^ 
coat protein fro. this study further supports 
t his assumption. Several lines of evidence show that 

nf PTRaV-3 has been cloned and 
the partial clones have been shown by 

sequenced. First, s >ivb3ridize to the 16 kb dsRNA 

clones were xdentxf xed ^ yclonal 

protein expressive library witn refer ence) 
^Zee (1987) , which is hereby incorporated by reference) 
(Zee (198 l . wh . ch . s hereby incorp orated 

and monoclonal (Hu U99 ). nucle otide sequencing, 

by reference) antibodies. Atter 

_ . -reacting clones were shown to 

th ese three ^^f^ntLn a co«n ORE which 
overlap one another calculated Mr of 35K. 

^r^^^ ^ - - on e 

Ins PAGE (4 IK) • Third, analysis of the partial genome 
SDS-PAGE WU« ciQse similarity in 

sequence of GLRaV 99 g nces to the other 

genome organization and gene sequ 

. trwi-ia (1994), which is hereby 

closteroviruses (Dol^a tiy**> . 

incorporated by reference). rtRaV-3 
Information regarding the genome of GLRaV 3 
provides a better understanding of. this and related 
druses and adds to the fundamental Knowledge, of 
. Present work on the nucleotide 

fHlose relationship between GLRaV- 3 and other 
o£ a close rela ^ ible< for the 

S^-Srr evaluate a phylo 3 enetic 
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relationship of GLRaV-3 based on a wide range, of genes 
and gene products (helicase, polymerase, HSP70 
homologue, HSP90 homologue, and coat protexn) . Based 
upon major differences in genome format and organization 
between BYV, CTV, and LIYV, along with phylogenetic 
analysis, Dolja (1994), which is hereby incorporated by 
reference, proposed the establishment of the new family 
dosteroviridae with three new genera of enterovirus 
(BYV) , Cxtrxvxrus (CTV) , and Bxclovxrus (LIYV) . Thxs 
work on genome organization and phylogenetic analysis, 
along with evidence that this virus is transmitted by 
m ealybugs (Engelbrecht et al . , "Association of a 
enterovirus with Grapevines Indexing Posxtxve for 
Grapevine Leaf roll Disease and Evidence for its Natural 
Spread in Grapevines," g hy to patl^ Mediter. , 24:101-105 
(1990), Engelbrecht et al . , "Field Spread of Corky Bark 
Fleck Leafroll and Shiraz Decline Diseases and 
Associated Viruses in South African Grapevines, « 
^. r Hvl a ctica. 22:347-354 (1990), Engelbrecht et -al . , 
-Transmission of Grapevine Leafroll Disease and 
Associated enteroviruses by the Vine Mealybug 
P anococcus-Ficus Phytp^yl^ti^, 22:341-346 (1990 
Kosciglione et al . , "Transmission of Grapevxne Leaf roll 
Disease and an Associated enterovirus to Healthy 
- Grapevine by the Mealybug Planococcus Fxcus (Abstract), 
Ph.toEarasitica, 17:63-63 (1989), and Tanne et al 
Z^Ts slon^f Closterolike Particles Associated wxth 
Grapevine Leaf roll by Mealybugs (Abstract)," 

„.s,-4^= 17-55 (1989), which are hereby 

PhVt "parasitica, X I""' 1 

T^^T^y reference) , suggest that a new genus 
under Closterovxridae family should be establxshed 
Thus, GLRaV-3 (the NY1 isolate) is proposed to be the 
type representative of the new genus, Graclovxrus (gra- 
pevine clo-sterovirus) . Further sequencing of other 
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grapevine leaf roll associated enteroviruses may add 
more members to this genus. 

Another cDNA library of GL.RaV-3 has been 
established reoently from dsRNA of an Italian isolate of 
GbRaV-3 (Saldarelli et al.. -Detection of Grapevxne 
Safroll-Associated closterovirus III by Molecular 
^ridization." Ei3 n t _ Eat h 2 l 23 vJ 2 , l2E ai. «= 9 X-96 
7, 994) 7 which is hereby incorporated by reference) . 
Recced clones react specifically to GbRaV-3 dsRNA on a 
Northern blot, however, no direct evidence was provide d. 
to suggest that those clones were indeed from GI.RaV-3 
genomic RNA. Meanwhile, a small piece of sequence 
formation from one of those cDNA clones was used to 
synthesize primers for the development of a PCR 
Section method (Minafra (1994), which rs hereby 
t^orporated by reference, . Direct sequence comparison 
of these primer sequences to GbRaV-3 genome sequence 
Stained in the present study, showed that one of t , 

«» - — at nucleotides 
and the other (C547. 5 - A-T-T-A-A-C-t-T-g-A-C-G-G-A T O 
G C-A-C-G-C (SEQ. ID. No.: 28)") is in reverse direction 
Id is the complement of nucleotides S e.O-S,OX 
Mismatching nucleotides between the primers and GbRaV-3 
Sequence are shown in lowercase 

™>- these short primer regions to GLRaV 3 
C ^ZZV^ s^. showed a 90-9S* identity, 
(isolate nixi 3 _ isolates belong to the 

wh i=h Treover. the primers prepared. by 

same virus (GLRav • ■ 
Minafra (1994), which is hereby incorporated by 
Serene fro; the Italian isolate of GLRaV-3 produced 
In expected size of PCR product with templates prepared 

from the NY1 isolate of GLRaV -3 

The reminder of the GLRaV- 3 genome can be 

sequenced using the methods described herein. 
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L ca£jQB ^ d rbararterizatioi 



of the 



F vam r le 14 

liJL ^ EE Th e complete nucleotide s^-e of the <M.V- 

i„ Moure 18. initial sequencing 
3 HSP9 0 gene is given - ^ £rame ( „ ORp .., 
wo r* indicated that a open reading calculated Mr 

potentially encoding for a prot mp70 . rtlace d 
of 4 3K <Pigure ») "-^Xn:: engineering because 
ge „e. This gene was similar to the GLRaV- 

t „e si- of its •~^J^ t . ft « segU ence editing. 
3 coat protein gene. »°™J J fae located in che 
this incomplete ORP gene . It is 

rrrea :rs£ - «- — - ™- 3 hsmo sene 

or as the 43K ORF. 

- „„ — - ^M Ul* ^ H- Incomplete 

Exam ple — i2 — . plant Tissues. 

ru.pav ^ a. ;„«-v..=><h zed oligonucleotide 

~° CUBt0 T 9 3T 2 4 t a-c-t-t-a-t-c-t-a-g-a-a-c- 
primers. 5- primer <"; 224 _ C . G _ A . C _ G . A _ C -T-A (SEQ. ID. 

No . „, , and 3 c« G . A . A - A -c-A-T-C-G-T-C- G ,C-A-T-A- 

"THseq » »o" 30)) that flank the 43K ORP were 
C-T-A (SEQ. ID. N lete „ s p 90 gene fragment 

designed to amplify ^ ' , . Additio n of a 

by polymerase chain react 10 ^ ^ £m ^ 

rest riction e^e - - £xpression 

1ST,: (Slightom 9 ..custom Polymerase-Chain-Reaction 

(Figure ( a Plant Expression vector . •• SiDi. 

Bngineering o . J 1 ^.^, hereby incorporated by 

10 0:251-2S5 (1991). * a pr0 ouct of the 

,„„„] using these primers, a p 
reference) . g amp lified by reverse - 

proper "^'-w-pCR.) using C L RaV-3 double- 

Tended RNA ("d^KNA") as template. The PCR amplified 
product Z treated with »co I. isolated from a low- 
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me lting temperature agarose gel, and cloned intp. the 
same restriction enzyme treated binary vector P BI525 
(obtained from William Crosby, Plant Biotechnology 
institute, Saskatoon. Sask., Canada), resulting m a 
clone P BI525GLRaV-3hs P 90 (Figure 30). A plant 
expression cassette, the EcoR I and Hind III fragment of 
clone P BI525GLRaV-3hsp90, which contains proper 
engineered CaMV 35S promoters and a Nos 3 ' untranslated 
region, was excised and cloned into a sxmxlar 
restriction enzyme digested plant transformation vector, 
P Binl9 (Figure 30) (Clontech Laboratories, Inc.). Two 
clones, P Binl9GI J RaV-3hsp90-l2-3 and P Binl9GLRaV-3hs P 90- 
X2-4 that were shown by PCR to contain the proper size 
of the incomplete HSP90 gene were used to transform the 
avirulent Agrobacterium tumefaciens, strain LBA4404 via 
electroporation (Bio-Rad) . The potentially transformed 
Aarobacterium was plated on selective media with 75 
ag/ml of kanamycin. Agrobacterium lines which contain 
the HSP90 gene sequence were used to transform tobacco 
(Nicotiana tobaccum cv.Havana 423) using * tand *f 
procedures (Horsch et al . , "A Simple and General Method 
for Transferring Genes into Plants," S^n^, 227 :1 229- 
1231 (1985) ("Horsch (1985)"), which is hereby 
incorporated by reference) . Kanamycin resistant tobacco 
plants were analyzed by PCR for the presence of the 
transgene. Transgenic tobacco plants with the transgene 
were self pollinated and seed was harvested. 

, , 1 ,- 1f Custcjj^PCR FncnnPerinq of the 43K ORF 

E2L -^ The complete sequence of the GLRaV-3 hs P 90 

g ene was reported in Figure 18. However, in the present 
study, using two custom synthesized oligo prxmers (93- 
224 tacttatctag a ac c ATGGAAGCGAGTCGACG ACTA (SEQ . ID. No. 
29)' and 93-225. tcttgaggatccatggAGAAACATCGTCGCATACTA 
(SEQ . ID. No. 30)) and GLRaV-3 dsRNA as template, the 
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incomplete HSP90 related gene sequence was amplified by 
RT-PCR which added- an Nco I restriction enzyme 
recognition sequence (CCATGG, around the potential 
translation initiation codon (ATG, and another Nco 
"Z 29 nt downstream from the translation termination 
cooon (TWO (Figure 29, . The PCR amplified fragment was 
digested with »co I. and cloned into the same 
Restriction enzyme treated plant expression vector 
OBIS29 under ampicillin selective conditions, hundreds 
£ antibiotic resistant, transformers of . 
PHSa were generated. Clones derived from five colonies 
"11 selected for further analysis. Restriction enzyme 

»co X or Pa** 1 and PcoR V, showed that three 
out of five clones contained the proper size of the 
Incomplete GLRaV-3 HSP90 sequence. Among them two 
clones were engineered in the correct 5- -3- orientation 

respect t o t he CaMV-AMV gene regulatory elements in 
The Plant expression vector, PBI525. A graphical 
structure n the region of the plaht expression cassette 
orTone p B I5 2 5GI *aV-3hep90-12 is presented in Figure 

30 ' The GLRaV-3 HSP90 expression cassette was 

removed from clone p BI S 2 5 GI.RaV,3hs P 90-12 by a ==«pl«« 
Hcestion with Hind III and EcoR I and cloned into the 
tiltlar restriction enzyme treated plant transformation 
Tec or P Binl9. A clone designated as pBinX9GI*aV- 

^ a ined (Figure 3 0 and was 
ihqo90-12 was then obtainea 

3hs P 90 i^ , ._ to th e avirulent Agrobacterium 

subsequently mobilized into tne a 

* ■ =■ ehandard electroporation 

strain LBA44 04 using a stanclara 

protocol (Bio-Rad) . Potentially transformed 

protocol K elated on a selective medium (75 

artrnbacteria were then piacea 

^ranamycin, . and antibiotic resistant colonies were 
analyzed further by PCR with specific synthesized 
primers (93 . 22 4 and 93-225, to see «" 
Incomplete HSP90 gene was still present. After 
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analysis, clone -!,B A 4404/pBinl9G L .RaV-3hs P 90-12 was 
selected and used to transform tobacco trssues. 

™ 9SEi£ ^nat i ca 1 Xy engineered Agrobacteriu™ 
tume raciens strain. L BA4404/pBinl9< 3 I^V-3hsp90-X 2 . was 
^cultivated with tobacco leaf disc; .-a—- 



:o-cultivaueu — < 

morsch (1985), which is hereby incorporated by 
Terence) Potentially transformed tobacco trssues 
:: r I selected on MS regeneration medium (Murashige et 
£ ^Revised Medium for Rapid Growth and Bxoassays 

a ' . o„Tt-«res ■ ^Y^oloqj 3 Pi ant arum, 

with Tobacco Tissue Cultures, 

^473-497 (1962) , which is hereby incorporated by 
15:473-497 (196 , ka namycin. Numerous 

c weeks Rooted tobacco plantB were 

wth of developed shoots on a rooting medium (MS 
growth of develop /ml o£ kan amycin. 

wit bout h °™^^ nt ^rerated kanamycin resistant 
Eighteen ^dependent reg and tested for 

pl ants were "^^S^^ ^ne by PCR. Fourteen 
'I ofTghteen selectee kanamycin resistant transgenic 
tines were shown to contain a PC* product with the 
exp ected sise ^obact^um 

> ><., TBA4404/pBinl9GIJtaV-3hsp90-12 was 
tu mefaciens s "" n ^" t he grapevines rootstock Couderc 
al so used to tra "f a °™ v f t e is 9 4 estris , . Embryogenic 

""•^"ouderc 09 were obtained by culturing anthers 
call! of Couderc 3 contained Mura shige and Skoog 

on MSB med,a (MSE^me ^ 
salts plus 0.2* sucros . and 0 . 8V Noble 

BA . The media - ^^4, 100 ml M . 06S4 . xoo 
aid ! - vitamin M-3900 were added to the 
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After 60 days, primary calli were Induced and 

-rierred to ~"T,^-^ IT^T 

1( . e with to g/L sucrose, 4.6 g/^ gj-y 
salts witn iu a/ p . ni with globular or 

HnWe aQ ar) for embryogenesis . CalU witn gx 
Noble agar) imme rsed for 15 minutes in 

heart-shaped embryos wer nl9GljRaV .3hsp90- 1 2 

M^^^^'^^X^ The embryos 
that was SUSpende f d 1 ^ r M ' re move excess liquid and 

transienc , k t 2 8°C. The calli 

keot for 48 hours in the darK at 
and kept for - n MS liquid medium plus 

W then washed 2-3 times n (20Q Mg/ml) and 

cefotaxime (300 >g/ml> and carben antibiotics for 

transferred to HMO ^.^^^ calli were . 
n ? weeks. Subsequently, tne emoxy a 
transferred to HMG medium containing 20 or 40 mg/I. 
transferr cefo taxime plus 200 mg/L 

Kanamycxn and » J transgeni c embryos. After being 
carbenrc rllm to sele ng „ ere 

on -lect.cn medxum for „ s 
transferred to HMG. M i casein 

wi th 20 ,/L -™ ^ a | a y r) ; or „SE medium with 
hyd rolysate. and 0.. M. germinated embryos were 

kanamycrn. After 4 m inijig roo ting medium, 

transferred » £o r example, in 

such as a woody plant me „i cr opropogation of 

Ll oyd et al.. ""^^/at ifolia. By «se of Shoot Tip 
Mountain Laurel. ff"" „„„ «... 30=421-427 

Culture." ££2S^ — ^^.roora ted by reference, that 

, . v, ic hereby incorporated uy 
(1981) , which is nereoy. act ivated 

- e Tl1v W rcr 0 os . was adjusted to S.S 

charcoal and l.S. sucr piantlets with roots 

and Koble agar was added " [^J^ soil mix and 
„ere transplanted tc . pots wrth ar ^ 
grown in greenhouses In th The „ 

plants were transferred to the gr 
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pr otein gene has been detected by PCR in a number of 

OsinT the methods described above, engineering 
.„„ HSP90 gene of GLRaV-3 into plant 
o£ C he ^f^J^Ition vectors has been effected. 
r r t S arreter g ene seUce was shown to be integrated 
Into The Plant genome by PC* analysis of the transgenic 
into tne p engineered Agrobacteriua. 

tobacco Plants The eng GLRav 3hsp9o i2 ^ 

tu^efaciens strain nd tobacco . Furthermore, 

been used to transform grapes an 
euccess in the genetic ^ng nee-ng of^plant^ 
transformation vec-r may ser ^ _ ^ 

construction of othe ^ _ ^ 

pro tein. P-dRP. ^ demonstratlon of "ansgenrc^ 

tobacco Plants jessing - coat P-e^gene^f «. 
ited in resistance egainst ^ 

Abel et al . , Del y Tobacco Mosa ic virus Coat 

P1 ants that Egress the ^ »_ which is 

. n^n^ 11 Science, • ' J 

protein Gene, 

nereby incorporated by protec tion has 

pbenomenon of the coat p ^ ^ ^ ^ 
been observed for over ar . ety Qf 

different taron omic groups * ^ ^ _ 

dicotyledonous plant specie _ mfection, » 

Protein-Mediated Resistance Xgarnst (i99o) 

^ Ei ^ JSi ^ tt ? MS ^;rategies to Protect Crop Plants 
(1 9 30 )») and Wilson. Stra "9 Resistance Blossoms." 

v^niQes- Pathogen- Derived Ke&x 
Against Viruses, < 9 0:3134-3141 (1993) 

( ..„Hson 1993) . siXencing (or c o-suppression) 
reference) If S e Inact ivation: Plants Fight 

(Finnegan et al . , .,. a8 ,_ 8 88 (1994) andFlavell. 




25 



30 
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Consequence of Specific Sequence Duplication," Proc^ 

gci n.S.A. , 91:3490-3496 (1994), which are 
hereby incorporated by reference) is one of the 
resistance mechanisms (Lindbo et al., "Induction of a 
5 Highly Specific Antiviral State in Transgenic Plants: 

implications for Regulation of Gene Expression and Virus 
Resistance," The Plant Cell, 5:1749-1759 (1993), Pang et 
al "Different Mechanisms Protect Transgenic Tobacco 
Against Tomato Spotted Wilt and Impatiens Necrotic Spot 
10 T L P oviruses," Pi n ^chnology, 11:819-824 (1993) ("Pang 

(1993)"), and Smith et al . , "Transgenic Plant Vxrus 
Resistance Mediated by Untranslatable Sense RNAs : 
Expression, Regulation, and Fate of Nonessential RNAs 
^p 1a nt Cell . 6:1441-1453 (1994), which are hereby 
15 incorporated by reference) , then one would expect to 

generate transgenic plants expressing any part^of a 
viral genome sequence to protect plants from that vxrus 
infection. Thus, in the present study, trangenxc plants 
expressing the 43K ORF (or the incomplete hs P 90 gene) 
20 may be protected from GLRaV-3 infection. 

2 since tobacco (Nicotiana tobaccum cv. Havana 

423) is not the host of GLRaV-3, direct evaluation of 
the virus resistance was not possible. However, 
recently, after a mechanical inoculation of N. 
* ent hamiana with grapevine leafroll infected tissue, 
Boscia (1995) , which is hereby incorporated by 
reference, have recovered a long closterovxrusf rom N. 
benthamiana which is probably GLRaV-2 Thus xt xs 
believed that other types of grapevine leafroll 
associated enteroviruses can also be mechanically 
transmitted to W. ben thamiana . If the 43K ORF from 
£SH can also be transferred to N . benthamiana^t . 
mi ght be possible to evaluate the resistance of those 
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pXants against GLRaV-2 infection. However the 
resistance of the transgenic grape rootstocX Couoerc 
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3309 against leafroll infection can be presently 
evaluated. 

Exanv Ble 18 - Coat p^ot - -^-™^ Protection and Other 

of P ^fboaen- derived Resistance 

The successful engineering technique used in 
the above work could be utilized to engineer other gene 
sequences of GLRaV-3 which have since been identified. 
Among these, the coat protein gene of GLRaV-3 is the 
primary candidate since coat protein-mediated protection 
(Beachy (1990), Hull et al, , "Approaches to 
Nonconventional Control of Plant Virus Diseases," Crx^ 
Rev p 1an t Sci. , 11:17-33 (1992), and Wilson (1993), 
which are hereby incorporated by reference) has been the 
mo st successful example in the application of the 
concept of pathogen -derived resistance (Sanford et al., 
-The Concept of Parasite-Derived Resistance - Deriving 
Resistance Genes from the Parasite's Own Genome," J. 
Theor. Biol., 113:395,405 (1985), which is hereby 
Incorporated by reference) . Construction of plant 
expression vector (pEPTe/cpGLRaV-3) and Agrobacteraun, 
binary vector (pGA482pEPT8/c P GLRaV-3) was done following 
a strategy similar to the above. The GLRaV-3 coat 
orotein gene was PGR amplified with primers (KSL95-5, 
r c -t-a-lt-t-c-t-a-g-a-a-c-c-A-T-G-G-C-A-T-T-T-G-A-A-C- 

T-G-A-A-A-T-T (SEQ . ID. No. 31), andKSL95-6, t-t-c-t-g- 
a -g-g-a-t-c-c-a-t-g-g-T-A-T-A-A-G-C-T-C-C-C-A-T-G-A-A-T- 

T-Lt (SEQ. ID. No. 32)). and cloned into pEPTS after 
Wool treatment. The expression cassette from 
pEPT8/c P GLRaV-3 (including double CaMV 35S enhancers, 
35S promoter, alfalfa mosaic virus leader sequence, 
GLRaV-3 coat protein gene, and 35S terminator) was . 
digested with ffindlll and cloned into pGA482G (Figure 
32) Resulting Agrobacterium binary vector 
( P GA482GpEPT8/cpGLRaV-3) was mobilized into 
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m^rfaciens strain C58Z707 and used for 
Agrobacteraum tumerfacaens. 

transformation of grapevines. 

Other gene sequence (ORF lb. the RKA dependent 
MB. polymerase, may also be used, as replicase-mediated 
TrotLtlon has been e ^^^^^ 

Resxstanc _^ Giants Transformed with a Tobacco 
rsir^r/ons^uotural oene Sequence are Resistant 

to the Virus , ■ Proc Natl . Acad . ~7T7 V 

6315 (1990), which are hereby incorporated *Y 

I l The HSP70 homologue may also be used to 
reference) . The «SP7 resistant against 
generate transgenic plants tnat. 

vi tvoes of grapevine leaf roll associated 
:iost^viruses since significant consensus seguences 
^observed over HSP70 conserved domains. Moreover. 
Te phenomenon of RNA-mediated protection has also been 
^served (de Haan et al . . - Characterization of RNA- 
T r l* Resistance to Tomato Spotted Wilt Virus in 
Mediated *«« ta "" „ p ^y Tp ^ Q l oqv , 10:1133-1137 

Transgenic Tobacco Pi 9 ^J^^%^ MiM%mA 

(1992 ) . Farinelli et al Exam ination of 

Resistance to Potato Virus Y nic Coafc protein 

i-v,p» Resistance Mechanisms is cne » 

Crea tor Protection," Sgl Hi^W^- . 
.^4 292 (1953) ("Farinelli (1993)"). KawchuK et al . . 

»L Mtisense RNA-Mediated Resistance to Potato 

II Sense ana AnLiseuoc * 

Stroll Virus in Russet BurbanK Potato Plants," 
^J^^^^^, 4:247-253 .1991) ("Kawchu* 

aw,.) Lindboetal.. "Untranslatable Transcripts of 
Z Tobacco Etch Virus Coat Protein Gene Sequence Can 
integers with Tobacco Etch Virus Replication xn 
interfere 1Mt .,. virffilas*. -189:725- 

Transgenxc Plants and P * pathogen . Derive d Resistance 
733 (1992), Lindbo et al • , f* 1 - a 

to a Potyvirus Immune and Resistant Phenotypes rn 
Transonic Tobacco Expressing Altered Forms of a 
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PoCy virus coat Protein Nucleotide sequence, - Mo! Plant 
ui£ 2 fee _ JIl£SE a S i. 5:144-153 (1992), bindbo et al 
"^nogen Derived Resistance to Potyviruses, Working. 
ZVy^ ssai^^ii^i^. 4:369-379 U993 . Pans 
" 1993)l and van Der Wilk et al.. "Expression of the 
Potato Leaf roll Luteovirus Coat Protein Gene in 
Transgenic Potato Plants Inhibits Viral Infection," 
2^^^, 17:43 l-440 (1991). which are hereby 
^"morated by reference) . Thus, untranslatable 
«anTrIpt versions of the above mentioned GLRaV-3 genes 
Til also produce leaf roll resistant transgenic plants. 
ml ght -l"^ £orm o£ pathogen - d erived resistance 

fhat has also been shown to be effective in control of 
Piant viral disease is through the use of antisense RNA 
Tr ansgenic tobacco plants expressing the antisense 
sequence of the coat protein gene of cucumber mosaic 
IZs --owed a delay in symptom expression by 

infection (Cuoszo et al.. "Viral Protection in 
Sansgenic Tobacco Plants Expressing the Cucumber Mosaic 
Virus Coat Protein or its Antisense RNA, •• 
^ re£to2ls3 y. 6 :549-554 (1988). which is hereby 

: „„, 0 , ate d by reference) . Transgenic plants 

expressing either potato virus X ("PVX", coat protein or 
eXPr rn S tis 9 ense transcript were Protected fro. infection 



its 



Senear v- j- «-***-"— — — *r - 

25 by PVX. However, plants expressing antisense RNA were 

protected only at low inoculum concentration. The 
extent of this protection mediated by antisense 
transcript is usually lower than transgenic 
pressing the coat protein (Hemenway et al.. Analysis 
30 ofthe Mechanism of Protection in Transgenic Plants 

3 ^pressing the Potato Virus X Coat Protein or its. 

Antisense RNA, " Embo_^ — LEur_, — Molj BisL ^^^^^"^7, • 
^ 12 73-1280 (1988) . which is hereby incorporated by 
reference) . This type of resistance has also been 
, s observed in bean yellow mosaic virus (Hammond et al, . 
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-Expression of Coat Protein and Antisense RNA of Bean 
Yellow Mosaic Virus in Transgenic Nieotiana- 
Benthamiana," Phytopathology, 81:1174 (1991), which is 
hereby incorporated by reference, tobacco etch vxrus 
(Lindbo et al., -Untranslatable Transcripts of the 
Tobacco Etch Virus Coat Protein Gene Sequence Can 
interfere with Tobacco Etch Virus Replication in 
Transgenic Plants and Protoplasts," Virology, 189:725- 
733 (1992), which is hereby incorporated by reference), 
potato virus Y (Farinelli (1993), which is hereby 
incorporated by reference) , and zucchini yellow mosaic 
virus (Fang et al . , "Genetic Engineering of Potyvirus 
Resistance Using Constructs Derived from the Zucchini 
Yellow Mosaic Virus Coat Protein Gene," Mol . Plant 
Microbe Tnt e ract„ 6:358-367 (1993), which is hereby 
incorporated by reference) , However, high level of 
resistance mediated by antisense sequence was observed 
to be similar to potato plants (Russet Burbank) 
expressing potato leaf roll virus coat protein (Kawchuk 
(1991) , which is hereby incorporated by reference) . 
Besides using antisense transcript of the virus coat 
protein gene, other virus genome sequences have also 
been demonstrated to be effective. These included the 
" si-nucleotide sequences near, the 5' end of TMV RNA 
(Nelson et al . , "Tobacco Mosaic Virus Infection of 
Transgenic Nicotiana-Tabacum Plants is Inhibited by 
Antisense Constructs Directed at the 5' Region of Viral 
RNA," Gene (Abst) , 127:227-232 (1993), which is hereby 
incorporated by reference) and noncoding region of 
turnip yellow mosaic virus genome (Zaccomer et al . , 
-Transgenic Plants that Express Genes Including the 3' 
Untranslated Region of the Turnip Yellow Mosaic Virus 
(TYMV) Genome are Partially Protected Against TYMV 
infection," Gene, 87-94 (1993), which is hereby 
incorporated by reference) . 



- 99 



10 



15 



20 



25 



30 



35 



GLRaV-3 has been shown to be transmitted by 

3 • „~ m « raqes it has been shovm to spread 
mpalvbuqs and xn some cases it 

rapidly in vineyards (Engelbrecht eta!., "Field Spread 
of Coly Bark Fleck beafroll and Shiraz Decide Diseases 
and Associated viruses in South African Grapevines, 
^j^Oacti^. 22=347-354 (1990). Engelbrecht et al . . 
.Transmission of Grapevine Leafroll Disease and 
Associated enteroviruses by the vine Mealybug 
Planococcus-Ficue." r hytopnyl aotica , 22=341-346 (1990 . 
and Jordan et al.. 'Spread of Grapevine Leaf roll and ts 
Associated Virus in New Zealand Vineyards." in H^n, 

^^^^^ 

wan^n nf t he Grapevine. PP- 113-114. (1993) . 

^loh are hereby incorporated by reference) . This 
t. sease .ay become more of a problem if mealybugs become 
difficult to control due to the lack of insecticides, 
xn t^is scenario, the development of leafroll resistant 
graP evlnes becomes very attractive. Although grapevine 
Is a natural host of Agrobacterium (A. vitis is the 
causal agent of the grapevine crown gall disease , 
transformation of grapevine has proven to be 
Faribault et al.. ..Transgenic Grapevines = Regeneration 
of Shoots Expressing ^-glucuronidase. " .1 **P. B9t, , 
41 . 1045-1049 (1990). Baribault et al . , -Genetic 
Transformation of Grapevine Cells," ElMS SsU BePPrts . 
3 137-140 (1989). Colby et al . . "Cellular Differences in 
Agrobacterium Susceptibility and Regenerative Capacity 
Restrict the Development of Transgenic Grapevines. 
^^^^3^, xl 6=356-361 (1991). Guellec et al . . 
^grobacterium-Rhizogenes Mediated Transformation of 
Grapevine Vitis- Vinifera 1, Agrobacterium-Rhizogenes 

Grape , „ „ f r-t-atjevine Vitis- Vinifera 1," 

Mo j.- are d Trans format xon of Grapevine 

Mediated iran* 211-216 (1990), Hebert 

plant Ti ~,ie Organ Cult., 20.211 216 ^ > 

7 _ ^ niolistic Transformation of 

ot- al "Optimization of Bionstiv, 

Embryogenic Grape Cell Suspensions," ~n FePC-rts , 
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12 . 585-589 mill. " «»U •* al.. "Agrobacteriun,-- 
Mediated Genetic Transformation o£ Grapevine Somatic 
"Iryos and Regeneration of Transgenic Plants Expressing 
"oat Protein of Grapevine Chrome Mosaic "*P™ 
,CCMV).» PiiU^asisn-, 102:161-170 (1994). Martinelll 
I al -Genetic Transformation and Regenerate of 

Transgenic Plants in Grapevine ' " an<J 

^ Genetics.. 88 = 621-628 (1994 ) . and 

" . rTTTT T^robacterium-Mediated Genetic 

* —Ion 'of Grapevines. Transgenic Plants of Vitis 

^ 'i =r,^i r„<1s of Vitis vinxfera. L.," 
ruDestris Scheele and Buds or v-luj. 

2^^. 8,1041-1045 (1990,. which are hereby 
^trp^ateTby reference, . Recently, an efficient 
regeneration system using proliferative somatic 
e^ryogenesis and subsequent plant development Has been 
deponed from zygotic embryos of stenospermic seedless 
17*17 (Mozsar, a. et al., "A Rapid Method for somatic 

• ~-f ^pnp (Vitis vinxfera Jj. ) 
=i "Transformation of Grape ivitib 

zy gotic-Derived Somatic Embryos and "-P™"*^ f 

Plants - Cell T^ortS, 14:589-592 

^Tso^T U9957^n7chl^eby incorporated 
bv reference, succeeded in obtaining transgenic , 
gra pevines through zygotic-derived somatic embryos after 
particle-wounding/*, tumefaciens treatment Using a 
Biolistic device, tiny embryos were shot with gold 
Articles (1.0 ,m in diameter,. The wounded embryos 
fere then co-cultivated with A. tumefaciens containing 
engineered plasmids carrying the selection marker of 
kanamycln resistance and ^-glucuronidase COOS-) gene. 
Selection of transgenic grapevines was carried out with 
20 > kanamycin in the initial stage and then 40 
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«a/1 for later proliferation. Small rooted seedlings 
wer I obtained fro. exogenic -culture within S months 
Z bombardment/*, tumefaciens (Scorza (1995) . which is 
hereby incorporated by reference) . Transgenic 
grapevines were analyzed by PCR and Southern 
hybridization, and shown to carry the transgenes The 
love-mentioned grapevine transformation approach has 
been carried out in the current investigation to 

rvrsmeviries expressing GLRaV-3 genes, 
aenerate transgenic grapevines " 

,- ►^cial leaf roll resistance on 

Evaluation of any potential learro 

. w«» carried out by insect 

transgenic grapevines may be carriea y 

vectors or grafting. 

?3taffl B le n 0 - Productioi i^f-Ant.'^^- P^o gni.ing GI,RaV3 

- The done pCPlO-1 which was shown to contain 

the major portion of the coat protein gene of GLRaV3 ^ 
x to express the coat protein and the 

(Figure 9) was used to express 

• „ About 500 ml of LB 

fi-qalactosidase fusion protein. ^ • 

- i„i„fl 50 uq/ml of ampicilian was inoculated 

. „ntil log-phase growth, 

chakina for overnight until j-^s ^ 

Session of .he fusion protein was further induced by 
£. addition of 1 ~< IPTG- Bacteria were harvested by 
centrifugation at S.O00 rpn, for 10 In. The bacterial 
2S ceXl wali was brofcen by sonioation. After low speed 

centrifugation to get rid of cell debris, the fusron 
cen y . bv the addition of saturated 

orotein was precipitated by cne a 

P . n L te t hen resuspended in PBS buffer and 

ammonium sulfate, tnen f f .. SD s- 

electrophoresced in a SDS-polyacrylam.de gel (SOB 
3„ PAGE") The fusion protein hand was exceed after 

„• ^ sds-PAGE gel in 0.25M KC1 to locate the 
°°T band The Protein was eluted with buffer (O.0SM 

p r;:;;.r.» SDS . ..x - - a nd 

^precipitated by trichoroacetic acid to a f.nal 
35 concentration of 20%. 
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An antiserum was prepared by immunization of a 
rabbit with 0.5-1 mg of the purified protein emulsified 
wit h Freund's competed adjuvant followed by two 
weekly injections of 0.5-1 mg protein emulsified with 
fund's incomplete adjuvant. After the last inieotion 
antisera were collected from blood taken from the rabbit 
every week for a period of 4 months. 

On Western blot analysis, the antibody gave a 
specific reaction to the 41K protein from GI*av 3 
Infected tissue as well as to the fusion protein itself 
"ok, and generated a pattern similar to the Pattern 
seen in Figure 8. This antibody was also successfully 
used as a coating antibody and as an antibody-con 3 ugate 
" enzyme linked immunosorbent assay CELISA") . 

The above method of producing antibody to 
G1 . R aV3 can also be applied to other gene sequences of 
tne present invention. The method affords a large 
amount of highly purified protein from E. coll from 
which antibodies can be readily obtained. It is 
particularly useful in the common case where it is 
father difficult to obtain sufficient amount of purified 
virU s from GLRaV3 infected grapevine tissues. 

Although the invention has been described in 
aetail for the purpose of illustration, it is understood 
that such detail is solely for that purpose and 
variations can be made therein by those skilled in the 
art without departing from the spirit and scope of the 
■ invention which is defined by the following claims. 



